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NOTICE 

This report has been prepared for the United States Air Force by Radian Cor- 
poration , Austin. Texas, for the purpose of aiding in the implementation of 
the Air Force Installation Restoration Program. It is not an endorsement of 
any product. The views expressed herein are those of the contractor and do 
not necessarily reflect the official views of the publishing agency, the 
United  States Air  Force,   nor  the Department   of  Defense. 

Copies   of  this   report may  be  purchased  from: 

National Technical Information Service 
5285   Port  Royal   Road 

Springfield, Virginia   22161 

Federal Government agencies and thei r contractors registered with Defense 
Technical Information Center should direct requests for copies of this report 
to: 

Defense Technical Information Center 
Cameron Station 

Alexandria, Virginia  22314 
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APPENDIX A 

Definitions»   Nomenclature,  and Units 

o AFB - Air Force Base 

o AGL - Above Ground Level 

o S*   - Approximate (symbol) 

o APX - Approximate (abbreviation) 

o Aquifer - Geologic Unit  Capable of  Storing  and Transmitting 

Significant Quantities of Water 

o B - Boring 

o BG - Background 

o BGL - Below Ground Level 

o BLS - Below Land Surface 

o CH - Corehole 

o DOD - Department of Defense 

o EMP - Electromagnetic  Profiling 

o EPA - Environmental  Protection Agency 

o G - Grab Sample 

o GC - Gas  Chromatography 

o GC-MS - Gas Chromatography/Mass Spectrometry 

o IRP -  Installation Restoration Program 

o mg/L - Milligrams  Per Liter 

o MSL - Mean Sea Level 

o MW - Monitor Well 

o N/A - Not Applicable 

o NR - No Reading 

o O&G - Oil and Grease 

o PPM - Parts Per Million 

o PVC - Polyvinyl Chloride 

o RCRA - Resource Conservation and Recovery Act 

o SS - Split  Spoon Sample 

o ST - Shelby Tube Sample 

o SW - Surface Water 

A-2 I 
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SWL - Static Water Level 

TOC - Total Organic Carbon 

TOX - Total Organic Halogens 

ug/L - Micrograaa Per Liter 

ug/ml - Micrograma Per Milliliter 

USAF - United States Air Force 

VOC - Volatile Organic Compound 
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Revision #1 Dated 84 Aug 27        . o4 JUN 2$ 

* INSTALLATION RESTORATION PROGRAM* 
Phase II Field Evaluation 

Bergttrom AFB TX 

I.  Description of York 

The purpose of this task is to determine if environmental contamination 
has resulted frost waste disposal practices, fnel spills and fire training 
activities at Bergstrom AFB TX; to provide estimates of the magnitude and 
extent of contamination, should contamination be found; to identify potential 
environmental consequences of migrating pollutants; to identify any additional 
investigations and their attendant costs necessary to properly evaluate the 
magnitude, extent, and direction of movement of discovered contaminants. 

Ambient air monitoring of hazardous and/or toxic material for the protec- 
tion of contractor and Air Force personnel shall be accomplished when neces- 
sary, especially during the drilling operation. 

The presurvey report (mailed under separate cover) and Phase I DU* report 
(mailed under separate cover) incorporated background and description of the 
sites for this task.  To accomplish the survey effort, the contractor shall 
take the following ateps: 

A.  General 

1. Determine the aerial extent of each site by reviewing available 
aerial photos of the base, both historical and the most recent panchromatic 
and infrared, and by field reconnaissance. 

2«' Locations where surface water, sediment, and core sample, are 
collected shall be marked with a permanent marker, and the location recorded 
on a site map. 

3. A total of six monitoring wells shall be installed.  The exact 
location of the wells shall be determined in the field. 

4. Ground-water monitoring wells shall be completed to a depth of at 
least 10 feet below the average water table surface.  All wells shall be 
developed, water levels measured, and locations surveyed and recorded on a 
aitc map. 

5. Ground-water monitoring wells shall comply with D.S. EPA publica- 
tion 330/9-81-002 NEIC Manual for Groundwater/Subsurface Investigation» at 
Hazardous Taste Sites, and State of Texas requirements for monitoring well 
installation.  Only screw type joints shall be used.  Glue fittings are not 
permitted. 

i 

'Highlights  of modification are  underscored 
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6. All fiter staples shall be analysed OB site by the contractor for 
pH, temperature, and apeciflc conductance.  Stapling, maximum holding time, 
and preaerratioa of samples shall comply atrictlj with the following refer- 
ences:  Standard Methode for the Eiamir.ation of Water and Tastcwater. 15th 
Ed.  (1980), pp 35-42; AST*. Part 31, pp 72-82, (1976), Method D-3370; and 
Methods for Chemical Analysis of Täters and Tastes. EPA Mannal 600/4-79-020, 
pp xiii to xix (1979).  All water samples shall be analyzed using minimum 
detection levels, as specified in Attachment 1. 

7. Field data collected for each aite ahall be plotted and mapped. 
The nature of contamination and the magnitude and potential for contaminant  <— 
flow within each site to receiving streams and ground waters shall be ccter- 
mined or estimated.  Upon completion of the sampling and analysis, the data 
shall be tabulated in the next R&D Status report, as specified in Item VI 
below. 

B.  In addition to items delineated in A above, conduct the following 
specific actions at sites identified on Bergstrom AFB TX: 

1. Monitoring of Existing Tells 

a. The contractor shall collect and analyze one ground-water 
sample from the existing well at the Golf Course,  If the well cannot be 
sampled due to well development, well characteristics, or any other reason, 
the contractor shall indicate the reason(s) in the report specified in Item VI 
below. 

b. The ground-water sample shall be analyzed for oil and grease- 
infrared method (O&G/IR), Total Organic Carbons (TOO, Total Organic Halogens 
(TOX), phenols, arsenic, barium, lead, chromium, cadium, silver, mercury, 
selenium, and the organochlorine pesticides (including DDT isomers) specified 
in U.S. EPA method 608, and 2,4-D, 2,4,5-TP silwex, and dibrom (as specified 
in Attachment 1). 

c. The ground—water sample analyzed for organochlorine 
peaticides (including DDT isomers) specified in U.S. EPA method 608 shall be 
confirmed by the second gas Chromatographie column which can be used to 
confirm measurements made with the primary column. 

2, Site 17«  South Fork Drainage Ditch 

a. Collect 13 sediment samples from the site, one sample at the 
farthest upstream point of the ditch, one sample upstream of the oil/water 
separator, one sample downstream of the oil/water separator, one eample 
upstream of the landfill area, and nine samples in the landfill area. 

b. Each sediment sample shall be analyzed for oil and grease- 
infrared method (O&G/IR), and lead, nickel, chromium, and copper. 

F33615-83-0-4001/001103 B-3 



3. Sit« 13. NOGAS Spill at Motor Pool 

a. One soil boring thill be drilled it ibis site to a depth of 5 

feet below tbe average vster table surface.  Samples sball be retained for 
analysis at 2 1/2-foot intervals from tbe snrface to 20 feet BLS.  Fro« 20-45 
feet BLS, samples sball be retained for analysis at five foot Intervall and at 
tbe sstnrated/nnsstnrsted zone interface.  A maximum of six saaples sbsll be 
analysed. 

b. Eacb aoil sample sball be analyzed for O&G/IR, and lead, 
nickel, chromium, and cadmium. 

c. Collect one ground-water sample from the site. 

d. Tbe ground-vater sample aball be analyzed for purgeable hydro- 
carbons nsing U.S. EPA method 602, O&G/IE, Total Organic Carbon (TOO, and 
lead, nickel, chromium, and cadmium. 

e. Tbe gronndwater sample analyzed for pnrgeable bydrocarbons 
nsing U.S. EPA method 602 sball be confirmed by tbe second gas Chromatographie 
column which can be used to confirm measurement! made with tbe primary 

column. 

4. Site 23.  Fire Training Area 

a. Two aoil borings sball be drilled at tbis site.  Borings sball 
be advanced to 5 feet below tbe average water table snrface.  Samples sball be 
retained for analyais at 2 1/2-foot intervals from tbe snrface to 20 feet BLS. 
From 20-45 feet BLS, samples sball be retained for analysis at five foot 
intervals and at tbe satnrated/nnsstnrated zone interface.  A maximum of 12 
samples sball be analyzed. 

b. Eacb soil sample sbsll be analyzed for O&G/IR, and lead, 
nickel, chromium, and cadium. 

c. Collect two ground-water samples from tbe site. 
* 

d. Eacb  gronnd-vater  sample  sball be  analyzed  for O&G/IR,   TDC, 
lead,   nickel,   chromium,   and  cadmium,   and volatile  organic  priority pollutants 
nsing D.S.   EPA methods   601   and  602   (VOC) . 

e. Eacb  ground-water   sample  analyzed for volatile  organic 
priority pollutants nsing D.S.   EPA methods  601  and 602   (VOC)   aball  be 
confirmed by   tbe   second  gas   Chromatographie   column which  can be   nsed  to 
confirm measurements  made  witb  tbe  primary  column. 

5. Sites  3,4,5,6,7   and  14.     Combined  Southeast   Landfill 

a.     Install  six  ground-water monitoring wells,   one  well  placed 
between eacb  of  tbe  five  landfills  and the  installation boundary,   and one  well 
placed nortbweat  of  the  landfill  area,     fella  sball be   an average  of 50  feet 
in deptb;   total   footage  drilled sbsll  not  exceed 300  feet. 

F33615-83-0-4001/001103 B-4 



b. Collect   two water  samplts  fro«  tack well. 

C.     Etch  ground-water  sample   shall   be   ttalyxed   for  TDC.   MC   II 
AOttl   Organic  Balogeas   (TOD,   phenols,   araeaic,   barium,   cadauua.   c^otiu 
lead,   aercury,   selenium,   tilver,   tat  orgsaochloriat   pcttlcidts   (iacltdisg  DD7 
isoaers)   and PCBi   specified  in U.S.   EPA aethod  608,   and  2,4-D.   2.4,3-T? 
allTcx  and dibrom  (as  specified  in Attachment   1). 

d.     Each   ground-water   sample  analyzed  for   the  organochlorme 
pesticides   (including DDT  isoaers)   and PCS*  specified   in D.S.   EPA aethod   601 
shall  be   confined by  the   second gss  chroaatographic  colnan which  can be   used 
to  confirm aeasnxeaents aade   with   the  priaary  colnan. 

c. Collect   three   soil   staples  from   Site   14  along  the   rotd  oiling 
area. 

f.     Etch  soil   sample   shall be   analyzed  for  PCBs  using  D.S.   EPA 
aethod  8080. 

6. Site   8.     JP-4   Spill/Overtopped Tank Axea 

a. One   soil  boring  shall  be  drilled  at   this   site   to  a   depth   of   S 
feet  below   the  average  water   table   surface.     Staples   shsll  be   retained  for 
analysis  at  2  1/2-foot   intervals  froa  the   surface   to 20  feet BLS.     Froa  20-45 
feet BLS»   samples   shall  be   retained  for  analysis  at  five   foot   intervals  and  at 
the   saturated/unsaturated  zone   interface.     A aaziaum  of   six  samples   shall  be 
analyzed. 

b. Each   soil   sample  shall be  analyzed  for  O&G/IR. 

c. Collect  one   ground water  sample   from  the   site. 

d. The water   sample  shall be  analyzed  for  purgeable  hydrocarbons 
using D.S.   EPA aethod  602,   O&G/IK,   TDC,   and  lead,   nickel,   chromium,   and 
cadmium. 

e. The  ground-water  aample  analyzed  for purgeable  hydroctrbons 
using  D.S.   EPA method  602   shall  be  confirmed by   the   second  gas  chromttographic 
column which  can be  used  to  confirm measureaents  made  with   the  primary 
column. 

7. Site £.       JP-4   Suspected underground  Line  Leak. 

a. Conduct   a_ data  review of the  results  of  1 ine pressnrc   test int 
conducted  on utility vaults  and  lines  in the vicinity  of Blda  4544,   Bergstroa 
flight   tower,   by base  liquid  fuels  personnel  on 3  April  1984.     In  addition. 
examine   fuelint  and extraction procedures  at  the  JP-4   low-flow point. 

b. Conduct   an  acoustic eaissions   test   of  the  pipe line.       The 
pipeline   shall  be   accessed  by  siz i'   (f)   z 2'   (L)   ditches  exesvated by aetns  of 
a backhoe. 

F33615-83-D-4001/001103 B-5 
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c.  i£ il i» determined through the data review »cd «const 1c 

emissions tcstlct that there is no evidence of any leaks in the JP-4 piplisc. 
all field effort« ahall ceate and no fnrther wort »hall be accompllahed.  The 
contractor shall file the corresponding R&D Stttu» Report and await fnrther 
inatrnctlon from the PSAF OEHL technical Monitor. 

tf.  Fonr soil boring« ahall be drilled at this site to t  depth of 
£ feet below *.ne water table anrface.  Each boring ahall be 30 feet in dtpth. 
Sample« ahall be retained for analysis at 2 1/2-foot intervals from the 
anrface to 10 feet below the sorface (BLS).  Fron 10-30 feet BLS. samples 
ahal 1 be retained for analysis at five foot intervals and at the saturated/ 
uns iterated tone interface.  A maiimum of 36 samples shall be analyzed. 

e. Each soil sample »hall be analyzed for pnrgeable hydrocarbons 
at jpg U.JS. EPA MetLod 602.  Confirmatory (tecond column) analysis of soil 
samples thai 1 be included. 

f. Eaplace a. temporary well casing at each corehole. 

g. Collect one ground-water samp1e from each corehole. 

h.  Each ground-water sample ahall be analyzed for pnrgeable 
hydrocarbons using U.S. EPA Method 602.  Confirmatory (second column) analyt is 
of water samples shall be included. 

i-  Conduct a_ hydrocarbon anrvey at the four nearby utility 
manholes.  Samples shall be obtained from underground otility vault or 1ines 
and collected with evacuated canisters. 

j•  Collect one air simple from each manhole. 

k.  Each air a amp1e ahall be analyzed for ambient hydrocarbons. 

1.  Install three ground-water monitoring wells, one well placed 
upgrtdient and two placed downgradient of the site.  Tells shall be an average 
of 30 feet in depth; total footage drilled shall not exceed 100 feet. 

••  Collect one water sample from each well. 

n.  Each ground-water aample ahall be analyzed for pnrgeable 
hydrocarbons using U.S. EPA Method 602.  Confirmatory (second column) analysis 
of the water samples shall be included. 

C.  Tell Installation and Clean-up 

The well and boring area shall be cleaned following the completion of 
each well and boring.  Drill cuttings shall be removed and the general area 
clean.  If hazardous waste is generated in the process of well installation 
the contractor shall be responsible for proper contalnerization for eventual 
government disposal.  Disposal of drill cuttings are not the responsibility of 
the contractor. 

H3615-83-D-4001/001103 B-6 
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D.  Results of »11 ssmpllug and analysis shall be tabulated and 
incorporated in the Informal Technical Information report (Sequence 3 Atch 1 
and Sequence 2 Atch 3 as apecified in Item VI below) and forvarded to CSAF 
OEHL/CVT for reviev. 

E. Reporting 

1. A draft report delineating all findings of this field investiga- 
tion shall be prepared and forvarded to the USAF OEHL, as specified in Item VI 
below, for Air Force review and comment.  This report shall include a discus- 

- sion of the regional hydrogeology, veil logs of all project veils, data from 
vater level surveys» vater quality analysis results, available geohydrologic 
cross sections, ground-water surface and gradient vector maps, any available 

-vertical and horizontal flov vectors, and laboratory quality assurance infor- 
mation.  The report shall follow the USAF OEHL format (mailed under separate 
cover). 

2. Estimates shall be made of the magnitude and direction of movement 
of contaminants discovered.  Potential environmental consequences of dis- 
covered contamination'shall be identified or estimated.  Where survey dsta 
are insufficient to properly determine or estimate the magnitude and direction 
of movement of discovered contaminants, fully justified specific 
recommendations shall be made for additional efforts required to properly 
evaluate contamination migration. 

  3.  Specific requirements, if any, for additional soil borings or for 
future ground-water monitoring must be identified. 

F. Cost Estlmatea 

The contractor shall provide* cost estimates for all additional work 
recommended to permit proper determination of contaminants.  The recommenda- 
tions provided shall include all efforts required to determine the magnitude 
and direction of movement of discovered contaminants along with an estimate of 
the time required to accomplish the proposed effort.  This information shall 
be provided in a separately bound appendix to the draft final report. 

II.  Site Location and Dates: 

Bergstrom AFB XX 
Building, Time and 
Dates to be established 

III,  Base Support: None 

IV.  Government Furnished Property: None 

FS1615-83-D-4001 /0011 03        B-7 
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V.     Gorernsent Points of Contact 

1.    JLt Maria R.   LaMagna 
DSAF OEHL/ECQ 
Brooks AFB TI    78235 
(512)     536-3667 
AV    240-3367 

2.     2Lt Victoria Reiser 
DSAF Hospital/SGPB 
Bergstroa  AFB TI     78743 
(512)     479-2204 
AV    685-2204 

\ 
Col Jerry P. Dougherty 
HQ TAC/SGPAE 
Langley AFB VA 23665 
(804)  764-5035 
AV 432-2180 

VI.  In addition to sequence number« 1, 5 and 11 which are applicable to 
all orders, the reference numbers below are applicable to this order.  Also 
shown are data applicable to this order: 

Sequence No. Block 10 Block 11 Block 12 Block 13 Block 14 

Atch 1 
4 
3 

Atch 3 
2 

OKE/R 
OKE/T 

ONE/T 

84JÜL27 
• • 

• • 

84N0V15 
• • 

• • 

85MAR15 • 

2 

2 

•A minis um of two draft reports will be required.  After incorporating Air 
Force consents concerning the first draft report, the contractor shall supply 
the DSAF OEHL with a second draft report.  The report will be forwarded to the 
applicable regulatory agencies for their consents.  The contrsctor shall 
supply the DSAF OEHL with 20 copies of each draft report and 50 copies plus 
the original camera ready copy of the final report. 

••Upon completion of analysis 

VII.  The ceiling price Items 0001 and 0002, as contenpltted by the payments 
clause is 180,242.04. 

F33615-83-0-4001/0011 03 B-8 
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Attachment 1 

Level* of Detection ire for water unless shown otherwise: 

Level* of Detection Required 

voc 
•• TOC 
•• TOX 

Oil & Gresse (IE) 
Polychlorinated Biphenyls 
Phenols 
Arsenic 
Barium 
Csdmium 
Chromins 
Copper 
Lead 
Mercury 
Nickel 
Selenium 
Silver 

• 

1 ng/L 
5 ug/L (waters);  5 ug/g (soil) 
0.1 Bg/L (waters);  100 pg/g (soil) 
0.25 ug/L (vsters);  1 ug/g (soil) 
1 ug/L (vsters); 1 ug/g (soil) 
10 ug/L 
200 ug/L 
10 ug/L 
50 ug/L (waters); 5 ug/g (soil) 
50 ug/L 
20 ug/L (waters); 2 ug/g (soil) 
1 ug/L 
100 ug/L 
10 ug/L 
10 ug/L 

Pesticide Analyses (ug/L) 

DDT isoner 
Dibroa 
2,4-D 
2.4,5-TP silvex 

0.02 
0.03 
0.06 
0.06 

For soils, use detection levels shown above, but report values as Bicrograms 
pesticide per graa of soil. 

• As specified in U.S. EPA Methods 601 and 602. 

•• Detection levels for TOC end TOX aust be 3 times the noise level of the 
instrument.  Laboratory distilled water Bust show no response.  If so, 
corrections of positive results »nit be Bade. 

F33615-83-0-^001/0011 03 B-9 
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APPENDIX  C 

Well-Numbering  System 

The well and boring» drilled at Bergstrom ABF during  the Phase  II 

(Stage  I)   investigation are identified by an alpha-numeric  label.     Monitoring 

wells are labeled with the  leters  MW followed by a dash and  then an Arabic 

numeral  (e.g.,   MW-9).     The core holes are labeled with  the  letter CH  followed 

by a  dash and  then an Arabic  numeral   (e.g.,   CH-3). 

C-2 
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Field Boring Log 
Cllant     —                   - Job Numbar Boring Numbar 

Project/ Location                       j 
Shaat    /       of ^ 

Surfaca Elavatlon Qroundwatar Oapth / Data 
33.65 m. Awn   »**»•* 

Total Oapth Drlllad Data Drlllad 

Drlllino and Sampling Mathoda Loggad By 

SS- IplrUpmm      €T- S**ll* T*k* 
Contractor/Craw 

Commama  ^ ^^^sHse *** ****** U/x.lt   Or**!* 
Orllllng Rig Modal 

• • 
a A 
E E 

CO z 
IS IS 

Sampla 
Diapoaltion > 

-1 i 
—  e o CD  a a 

o 

E > 
CO 

Sample Description 
e • 

is fa 
• 
e a 
Z 

1 •-Li' JT w' 0 4cW7 o-t.s cH Cl^Y   ht\klif rUsrrc , ** tmd\    v-o*t  sn f~-f 

B» -   3.75"    flrU*.   A/<*•/«,   c*•<**,'£  . Jm**ic 

br*ys* .  irt0,y+ 

2. 5.0-L.O 5T /.o 3 AO<V* S.O-i.0 CH C14Y     ft'»*,Ur    +•*   «W<   €Kc<tf      h—vr ****** CJ 

Ij^tfk/Hj ^«Wt« WfwAA/ 

3 I0.V-IL2 5f 1-1 J? *H1 W.Q-lU CL 1AA/0YCL4Y    InsaJaMtf*»« t   30% ****4(%t 

*W . fc«W  n**H.2S   TaW* J*~* 

h*Wh  .    *0 tcfvr 

1 itJhILl 5T \.X f? A0& tf.o-141 ^C CL*Y*r<s4#n   -«»«•/*  %r*J*J.*t%   *«"%^)"4c?               f         J / 

MC 0m0t 

bf trMVtl    U*K*,<»i,U*r.  I'osc 

If-its *c CL*rty$4'VD    ft*».*!*«»  r»**-^« 

<f 20-21.$ 5r /-s 2 *o$ t 10-215 £1* 5<4^/?y £K4ViL    000'lt,  €0+4*W   60%   A*/«« 

*HIIALS  <***&!.   H0%   *W,'tf*, 5* £rru •*«/*/ 

5«*^   ^4+Urm-rcJ,   brot^n 

Tup of  Stt**mtm Z-0«€    **5    / T- 5   IHJ 

ft lit  Underground Resource Management, Inc. 
J^L                               Auatm. Ta*aa 
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Fie d E lorin« 3 Log 

Ctlant       —^                        - 
KADlAfl/  Co*R>*A>rt0*S 

Job Number Boring Numbar 

/3<rc */w~t ^rff / Amir*** l/C Shaat   Si     °< ^ 
Surfaea Elevation Qroundwatar Dapth / Data Total Dapth Orlllad 

31. 5" ' 
Data Orlllad 
3/W*7 

Drilling and Sampling Mathoda Logaad By                     . 

Contractor/Craw 

Commanta Drilling Rig Modal 

• a* 
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CO 

Sample Description M 
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A III   Underground Resource Managamant. Inc. 
J|if-                                     Austin. Tamaa 
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RADIAN 
CORPORATION 

Drilling Log 

Location Low Point Drain by Bldg. 4544 
Ground Level Elev.:  491«03ft.MSL(topo) 
Log Recorded by  Pat Goodson  
Comments:  

G:Grab/SS:Split  Spoon/ST:Shelby  Tube 

toring or Well  No.CH-7/MW-7 
Sheet 1     of 1 

Project  Bergstrom AFB  IRP Phase  II  Stage 1 
Beginnings 2/20/85 and end 
 2/20/85 of drilling operation 
Sampling Interval   (Estimated)Variable  (ft) 
Drill  Rig      Mobile B-53  
Drill Operator       Jose Landeros  

Depth  Sample  
(ft)  Zone  Type  ID# Lithologic Description Completion Schematic 

0- I ST MW-H1) 

"• 

I 
ST 
ST 

»-1(2) 
MW-K3) 

5- I 
** 

I 
ST MW-K4) 

10- I ST W-K5) 

15- 

20- 

25- 

30- 

35-      I 

40- 

ST     MW-K6) 

ST     MW-H7) 

ST     MW-K8) 

ST MW-K9) 

ST    MW-i(lO) 

CLAY;   gravelly,   tan and  black, 
stiff, moist,   gravel (20-30%). 

CLAY;   same  as above. 
CLAY;   black,  moist,   gravel;  pre- 
sent  but   less  than above. 

CLAY;   same  as  above 

CLAY;  tan,   some  iron staining, 
stiff,  moist. 

CLAY;   black,   dry,   clam  shells. 
TD:     35   feet. 
Drager hydrocarbon test  showed 
high  concentration.     The Drager 
test was  performed after  total 
depth.     Testing was  done   through 
the  surface  opening on  the hollow 
stem auger  and  completed well. 
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Meter 
Box 

CLAY; same as above. 
Schedule 
80 PVC 

CLAY; siight gravel, light brown  Casing 
and tan clay, stiff. 

GRAVEL; noted at 11 feet. 

CLAY; gravelly, tan, soft, 
crumbly, moist gravel (30-40%). 

CLAY; same as above but less 
crumbly. 

Stainless 
Steel 
Screen 

Grout 

Bento- 
nite 

Slough 

.: 
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RADIAN Boring Completion Log:   Sheet 1 of 1 
CORPORATION 

Boring or Well No.    CH-7/MW-7   Project   Bergstrom AFB IRP 212-027-11 
Location   Site 9   Log Recorded by   Peter A* Waterreus 

Construction 
Construction Started   2/20/85   Completed    2/20/85 
Total Depth Drilled (ft)   35.0   Hole Diameter   8-inch 
Drilling Method   Free flight hollow-stem auger (Mobile B-53 rig)  
Problems encountered during drilling/completion   None  

Water source for drilling and completion procedures   Bergstrom AFB potable supply 

Sampling 
Number, type and disposition of samples collected   10 Shelby tube 

Sample interval (ft-ft) 0.0-1.0. 2.5-3.5. 5.0-6.0, 7.5-8.5. 10.0-11.0. 15.0-16.0.  
20.0-21.0. 25.0-26.0. 30.0-31.0. 35.0-35.5 _____ 
Storage and/or preservation method(s)   Clear glass quart iar and lid  

Materials 
Casing type Schedule 80  PVC  Diameter 2-inch (internal)  
Top of well  casing  (ft-AGL/BGL) 0.2   BGL  Elevation  (ft-msl) 490.83 
Depth of  casing (ft) 25.0  
Screen  type Stainless  steel wrap  Diameter 2-inch (internal)  
Slot  size 0.01   inch  Screen interval  (ft-ft)  25.0-35.0 

Type(s)  of  glue used  to  join casing         None -   threaded  flush   ioint  couplings 
Type  of  gravel/sand pack used Clemtex No.  2   (8-40 mesh)  
Amount  of  gravel  pack used 6   sacks 
Grain size  distribution of   gravel  pack Retained  »8   (2.0%).   #16   (51.2%).   #20   (62.8%)* 
Lithology of  gravel  pack        Mostly  silica (94%) 
Q/Mlr^fl       f r r\-mr\ i mi        a« A      111*» rr^F / r\ i   t~  \ f 1  am r nv T n r- Source (company and quarry/pit)   Clemtex, Inc.» Houston. Texas 

Interval of gravel pack (ft-ft)   20.0-34.5 (0.5 ft. slough) 
Interval of bentonite seal (ft-ft)   15.0-20.0  
Interval of grouting (ft-ft)   1.5-15.0 

Comments 
Type of bentonite -  pellets 
Type of grout - Portland Type 1 (neat cement) 

! 

!*30 (78.4%). #40 (91.2%). »50 (98.9%). #100 (100.0%) 

Description of Security Measures 
Keved meter box flush with the ground. 

Padlock ID No.   N/A   Location of key(s)   Bergstrom AFB 
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RADIAN 
CORPORATION 

Location Low  Point  Drain  by  Bide..   4544 
Ground Level   Kiev.:  488.78  ft.MSL(topo) 
Log  Recorded  by       Pat Goodson  
Comment» :  

Drilling Log Boring or Well No.  
Sheet   1  of 

MW-8 

Project Bergstrom AFB IRP Phase II Stage 1 
Beginning 2/21/85 and end 
 2/21/85 of drilling operation 
Sampling Interval (Estimated) 5   (ft) 
Drill Rig  Mobile B-53  

G:Grab/SS:SDlit  Süoon/ST:Shelby  Tube Drill Operator Jose Landeros 

Depth              Sample 
Lithologic  Description (ft)     Zone       Type       ID# Completion Schematic 

• 5- 

0- 

10-  X 

15- 

10 

2 5* 

30- 

35- 

ST  MW-2Q) 

ST  MW-2(2) 

ST  MW-2(3) 

ST  MJ-2U) 

ST  MW-2(5) 

ST  **-2(6) 

CLAY; black, moist 

CLAY; gravelly, tan, hard, dry, 
gravel (20-30%). 

SAND; clayey , gravel ly , sand (60- 
70%) fine to medium grain size, 
moist, tan to yellow, gravel 
(20%), clay (15%). 

SAND; same as above. 

SAND; gravelly.  Sand is fine to 
coarse grain size, loose, moist, 
yellow to brown.  Gravel (30- 
35%). 

SAND; same as above but wet. 

CLAY; weathered bluish gray, 
stiff, moist. 

TD:  30 feet. 
Drager hydrocarbon test (nega- 
tive). The Drager test was per- 
formed after total depth. Test- 
ing was done through the surface 
opening on the hollow stem auger 
and completed well. 

Meter 
Box 

Schedule 
80 PVC 
Casing 

Stainless 
Steel 
Screen 

SWL 

Grout 

Bentonite- 

Slough 

*Ü- 
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RADIAN Boring Completion Log:   Sheet 1 of 2 
CORPORATION 

Boring or Well No.    MW-8   Project   Bergstrom AFB IRP 212-027-11 
Location   Site 9 Log Recorded by   Peter A. Waterreus 

Construction 
Construction Started   2/21/85   Completed   2/21/85 
Total Depth Drilled (ft)   30.0   Hole Diameter   8-inch 
Drilling Method   Free flight hollow-stem auger (Mobile B-53 rig)  
Problems encountered during drilling/completion   None  

Water source for drilling and completion procedures   Bergstrom AFB potable supply 

Sampling 
Number, type and disposition of samples collected   6 Shelby tube 

Sample interval (ft-ft) 5.0-5.2. 10.0-10.5. 15.0-15.5. 20.0-20.5. 25.0-25.5. 30.0-30.4 

Storage and/or preservation method(s)   Clear glass quart lar and lid  

Materials 
Casing type   Schedule 80 PVC  Diameter   2-inch (internal) 
Top of well casing (ft-AGL/BGL)   0.5 BGL  Elevation (ft-msl)   488.28 
Depth of casing (ft)   20.0  
Screen type   Stainless steel wrap  Diameter   2-inch (internal)  
Slot size   0.01 inch  Screen interval (ft-ft) 20.0-30.0 

Type(s) of glue used to join casing   None - threaded flush ioint couplings  
Type of gravel/sand pack used   Clemtex No. 2 (8-40 mesh)  
Amount of gravel pack used   4 sacks ___  
Grain size distribution of gravel pack   Retained #8 (2.0%). #16 (51.2%). #20 (62.8%!^ 
Lithology of gravel pack   Mostly silica (94%)  
Source (company and quarry/pit)   Clemtex. Inc.. Houston, Texas  

Interval of gravel pack (ft-ft)   16.0-25.0 (5.0 slough)  
Interval of bentonite seal (ft-ft)   13.0-16.0 
Interval of grouting (ft-ft)   1.5-13.0 

Comments 
Type of bentonite - pellet 
Type of grout - Portland Type 1 (neat cement)  
**30 (78.4%). #40 (91.2%). #50 (98.9%). #100 (100.0%! 

Description of Security Measures 
Keved meter box flush with the ground 

Padlock ID No.   N/A   Location of key(s)   Bergstrom AFB 
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RADIAN Well Completion Log:   Sheet 2 of 2 (Development) 
CORPORATION 

Development started   2/22/25   Development ended   2/22/85 
Static level of water before    28.04    (ft) and after bailed dry  (ft) development 
Measuring point (MP) description   Top of casing __  

HP Height   0.5 BGL  (ft) Elevation    488.28 MSL (ft) 
Quantity of water discharged during development   0.3 gallon  
Type, size/capacity of pump or bailer used for developmnt 0.284 ballon bailer  

Depth of open hole inside well (below ground level on measuring point) 
Before development   29.8 ,  (ft) After development    N/A  (ft) 

Discharge (GPM/Bail(s))  Field Measurements  
Date/Time  Note SWL start/End.(1)  Temperature Conductivity  pH        Remarks 

m •   —i . . . - —. -_——.,__..,. ., . |      — | | —-—.     —— • i i     ••- — - • " •• • •" • ' i i '= 

2/25/85      SWL      28.04 22°C 710       *    pH meter not 
operating properly 

1145 0.3 gallon Silty 

NOTE:  (1) Depth measurements made by Steel Tape (ST); Rope and Bailer (R/B) and Electric 
Line (EL). 

(2) Temperature in degrees celsius. 
(3) Conductivity in micromhos/centimeter at field temperature. 
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RADIAN 
CORPORATION 

Prilling Log Boring or Well No.  
Sheet        1     of 

MW-9 

Location Lov Point  Drain by  Bldg.   4544 
Ground Level   Elev. :  491.15  ft.MSL(topo) 
Log Recorded  by       Pat Goodson  
Comments:  

G:Grab/SS:Split  Spoon/ST:Shelby Tube 

Project  Bergstrom AFB  IRP Phase   II  Stage 1 
Beginning 2/21/85 and end 
 2/21/85 of drilling operation 
Sampling Interval  (Estimated) 5 (ft) 
Drill Rig      Mobile B-53  
Drill Operator      Jose Landeros  

Depth mmm 

(ft)    Zone       Type       ID# 
Sample 

Lithologic Description Completion Schematic 

+5- 

0- 

i 

10 

15- 

20- 

30- 

35- 

40 

ST    MW-3(1) 

ST    MW-3(2) 

ST    MW-3(3) 

ST     MW-3(4) 

25-      X ST    MW-3(5) 

ST    MW-3(6) 

ST    MW-3(7) 

ST    >W-3<8) 

Meter 
CLAY;  gravelly.     Clay  is  black, Box 
dense,  moist,   gravel  (20-30%). 

CLAY;  black,   soft,  moist,   some 
iron  stains. 

CLAY;  gravelly,   tan,   stiff, 
moist,   gravel  (20-30%). 

Schedule 
80  PVC 
Casing 

CLAY;   light   brown to  tan,   soft, 
moist. 

CLAY;  gravelly,   tan,   stiff, 
crumbly,   slightly moist.     Gravel 
(20-30%). 

SAND;   light  brown,   fine  to  coarse 
grain size. 

SAND and GRAVEL;  clayey.     Well 
graded  sands with a  clay matrix, 
dense,   slightly moist. 

SAND;   clayey.     Sand  (70-80%), 
tan,   loose,   saturated,  well 
graded. 

SAND;   light  brown,  well  graded, 
fine to very coarse size,  loose 
saturated. 
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Stainless 
Steel 
Screen 

Grout 

Bentonite- 

Sand 
Pack 

Slough 

Continued on next  page- 
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RADIAN 
CORPORATION 

Drilling Log Boring or Well No.  
Sheet     _  2     of 

MW-9 

Location Low Point  Drain by  Bi.dg.   4544 
Ground Level   Elev.:  491*15  ft.MSL(topo) 
Log Recorded by  Pat Goodson  
Comments:  

Project Bergstrom AFB IRP Phase II Stage 1 
Beginning 2/21/85 and end 
 2/21/85 of drilling operation 
Sampling Interval (Estimated) 5   (ft) 
Drill Rig  Mobile B-53  

G:Grab/SS:Split Snoon/ST:Shelby Tube Drill Operator Jose Landeros 

Depth             Sample 
(ft)     Zone       Type       ID# Lithologic  Description Completion Schematic 

40- 

45* ST MW-3(9) 

CLAY; at approximately 42 feet, 

CLAY; black, dry. 
TD:  45 feet. 
Drager hydrocarbon test (nega- 
tive). The Drager test was per- 
formed after total depth. Test- 
ing was done through the surface 
opening on the hollow stem auger 
and completed well. 

Stainless 
Steel 
Screen 

Slough 

: 
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RADIAN Boring Completion Log:   Sheet 1 of 2 
CORPORATION 

Boring or Well No.    MW-9 Project   Bergstrom AFB IRP 212-027-11 
Location    Site 9   Log Recorded by   Peter A. Waterreus 

Construction 
Construction Started   2/21/85   Completed   2/21/85 
Total Depth Drilled (ft)   45.0   Hole Diameter   8-inch 
Drilling Method   Free flight hollow-stem auger (Mobile B-53 rig)  
Problems encountered during drilling/completion   None  

Water source for drilling and completion procedures    Bergstrom AFB potable supply 

Sampling 
Number, type and disposition of samples collected   9 Shelby tube 

Sample interval (ft-ft) 5.0-6.0. 10.0-11.0. 15.0-16.0. 20.0-20.5. 25.0-25.5. 30.0-30.5. 
35.0-35.5. 40.0-40.5. 45.0-45.5 _ 
Storage and/or preservation method(s)   Clear glass quart jar and lid 

Materials 
Casing type   Schedule 80 PVC  Diameter   2-inch (internal) 
Top of well casing (ft-AGL/BGL)   0.5 BLG  Elevation (ft-msl)   49.65  
Depth of casing (ft)   35.0  
Screen type   Stainless steel wrap  Diameter   2-inch (internal)  
Slot size    0.01 inch  Screen interval (ft-ft) 35.0-45.0 

Type(s) of glue used to join casing   None - threaded flush joint couplings  
Type of gravci/sand pack used   Clemtex No. 2 (8-40 mesh) __ 
Amount of gravel pack used   2 sacks ____^_—_ 
Grain size distribution of gravel pack   Retained »8 (2.OX). #16 (51.2%). #20 (62.8%)* 
Lithology of gravel pack   Mostly silica (94%) _ 
Source (company and quarry/pit)   Clemtex. Inc., Houston. Texas _ 

Interval of gravel pack (ft-ft)   31.5-35.0 (10 ft. slough)    
Interval of bentonite seal (ft-ft)   28.0-31.5 
Interval of grouting (ft-ft)   1.5-28.0 

Comments 
Type of bentonite - Pellet 
Type of grout - Portland Type 1 (neat cement) 
1*30 (78.4%). #40 (91.2%). #50 (98.9%). #100 (100.0%) 

Description of Security Measures 
 Keved meter box flush with the ground. 

Padlock ID No.    N/A   Location of key(s)    Bergstrom AFB 

7 
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RADIAN 
CORPORATION 

Well Completion Log:   Sheet 2 of 2 (Development) 

Development started   2/22/85 Development ended   2/22/85 
Static level of water before 30,38 (ft) and after    30.04 (ft) development 
Measuring point (MP) description   TOP of casing 

MP Height         0.5   BGL                                               (ft)  Elevation 
Quantity  of water  discharged during development         40   Bails 
Type,   size/capacity  of  pump or   bailer  used for  developmnt 

490.65  MSL 
=  11.4  gallons 
0*284  gallon bailer 

(ft) 

Depth of open hole inside well (below ground level on measuring point) 
Before development   N/A  (ft) After development    N/A (ft) 

Discharge   (GPM/fiail(s)) Field Measurements 
Date/Time       Note  SWL  start/End.(1)       Temperature    Conductivity       pH 

2/25/85/ 
1210 

1225 

SWL 30.38 
5 bails 

10  bails 
15 bails 
20  bails 

23°C 
23°C 
23°C 
23°C 

720 
780 
790 
790 

Remarks 

pli meter was not 
operating  correctly 
All   samples were 
silty. 

NOTE:     (1)  Depth measurements made  by  Steel  Tape  (ST);  Rope  and Bailer  (R/B)  and Electric 
Line   (EL). 

(2) Temperature in degrees  Celsius. 
(3) Conductivity  in micromhos/centimeter at  field  temperature. 
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Field Boring Log 
Client   0                     r Job Number Boring Number 

Project/Location                                      /                     —•. 
Sheet   /         of    3 

Surfte« Elevation Qroundwstsr Ospth / Data Total Depth Drilled 1Mf7?* 
Drilling and Sampling Method«            ._ 

H0H0* 5*eii   &«*- r/,}4+A«*rS *1SMT. SW// 
55 - y* j^,«        5T - 5"** /** 7S *e 

Contractor/Craw 

5ec   8**fc" */ f^5 &1* f*r T<**for*** Wtll wUfmtls 
Drilling Rig Modal 

• 5 
a .a 
E E 
•   3 

U5 Z 

fx 
Sample 

Disposition 

B
lo

w
s 

a
n

d
/o

r 
R

e
c
o

v
e
ry

 

o 

E K 
CO 

Sample Description £ 
3 
C 
• 

•> is 
•• 
§^ 

• 
M 
E a 
Z 

I 0-/.$ 55 1-5 J 430» 0-LS *? SAND    unif*** -ft'ic ,  isiW e./««f * .   /*ws* 
111 
€    *   6 ftf  co^p+ct     dosUbrbW)   J***P.   »no 0*or 

v.-7 

2 a.$-HL0 sr 1.5 J MUX a. 5-^.0 SP SArtV      *<WJaf"   ro  «<*v<r 

3 S-6-5 5T 1.5 J AGO 3 S.o-4.5 5P S4/V0     poorly   «reV*«/,    /0 %   cowr"jc Ja«^ 

?0/^   £/•)«  *<**«/,   #tö c*Ui«s  .   loose. 
1                       r 

dark   bfown .   *++*f+*c/   /,^ tfe/or- 

f*t*r*t-<t/ Zcfhc      S3   tu     TO 

5*cJiw\-t   C*i«H<«   * y-     7.0 

i 7.5-10 5r 1.5 
1 

J 4001 7.5-1.Ü 5* 5/UY 54/VP    pöcr/u   <*AJ*J.    *5%   •«riff/*ic 

***«/     35%   »Y/*r J<*stf  brow*: rfot'st 

AQ oJof    tlitk*  at U   $he**t 
7 

5 fa-H.S 5f I.J J 400% 10.0-tt.S VI 5"/i-fy SQMD      $tmtl*r>flmtf*   except 

h*5 « s/i'-ctr" aetWert« odor 
r            / 

ft lit   Underground Resource Management, Inc. 
JuL                         Austin. Teaae 
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Fie d Borin 3 Log 
Client         _                 s Job Number Boring Number 

CW-I 
Project/Location                    *——./*                  T* 

Sheet  J      oi    3 

Surface Elevation Qroundwater Depth / Date Total Depth Drilled Date Drilled 

Drilling end Sampling Methods 
fcX^Y.SAW// 
Contractor/Crew 

Comment« Drilling RtgModel 
/•fefrfr1  77-53 

• 5 
a n 
E E 
•   3 

OT Z 

is 
• 

E  >. 

(0 

Sample 
Oleposition 

B
lo

w
s 

a
n

d
/o

r 
R

e
c

o
v

e
ry

 

o 
-o 
E 
Si 

CO 

Sample Description M 
•• 
a 
c 
e 

So • 

E 
3 z 

6 I2.S-I4 sr 1.5 J 4006 )2.$-no sn SILJY SAA/D^      in*,%U» TO  *\oo^c  cxcepi- 

hu*    s/ert,   slight- 44&>l**€  oJ*f 
i             J            J 

7 IS. 0-/6.5 sr /.5 v/ tool i£<H4.$ S/M SILTY 5Q/VO     fi*,l»r  to eiev«   orctp-r- 

no*   a   Strode  <>4<el<** odor 

Sf\   fee« 4   ^«c^-r/V«« / cl*H<ic    iht*  ML 
y 

5 llMtfl sr 1.« J fKQQt |7.5W«-0 HL ^M9Y 5ILT     low »/efrV*/*^,    /S-4£>% 

irtri £'*< y*HC/ .   /*«*c/ pp 7t/.G>      i/c**i't 

bio»*/»i .J*mo. sl\\Ur &Jof !             1   '           s 

*j aao-ji.5 sr 1.5 J *O01 MK/4J.3 CH SILT Y CLAY    nV<n/*, pks+tc. no***^, 

k*rr   bo7li-0    **€***   brewn _*Jmmm   **u'*\or 

cm 1 ic>nt f   no ociof 

' 

10 as-Jt.a ST 1.1 J ac/o asa^d^ CH CLAY       5/#*ii/**- +v  *bevc   c*ct,ft    3>'5 % 

•;/t 

ft lit  Underground R»«ource Management, Inc. 
JuL                                Austin, Tsxes 

D-31 



VW 

Fie d Borin« 3 Log 

CMeat      ^-v                       - Job Numbar _ Boring Numbar 

Pro jact/Location                            . __,.         /                        y 
Shaat   3      ot   3 

Surfte« Elavatlon Qroundwatar Dapth / Data Total Dapth Drlllad Data Driiisd 
3//t/rV 

Drilling and Sampling Mathoda Loggad By 

Cpntractor/Craw 

Commanta Drilling RlgModal 

• • 
E E 
a a 

CO z 

ft E  >» 

C0 

Sampla 
Disposition 

B
lo

w
s 

a
n

d
/o

r 
R

a
c

o
v

a
ry

 

o 
.a 
E 
X 

CO 

Sample Description 
e 
a 

SS 
•- 

• 
E 
3 
Z 

II 30-31.3 sr 1.2 J *0|l 30*41.1 £H CLAY     fimtlm*   t+ umvs/c   <*<-<pf     U+i 

bUck  or<***i£   dt*Jri+<t 

12 3S-3U sr M J 40a XJ'XJ CH ü~*i   biVhJL oUsn*.   *o s+*c/. *0 st IT, 
-   /     f-r— *l   -jr       —   J                 

*,*(!  <r«*f .    *#«HC   **i**r "f-rric   t*//c*€ 
*           t  * 

a«  tfc/tfK 

13 •»•4J.1 5r i.i J 4013 «aVU CH CL^y  «.Wu* *-# «W* 

J 401? M0.3-V/.3 SP 5AVÖ     •t.VtfN   C*ur<< <«*«/   fubr'vcJx.*/. 

\04$C  f   fa>fa)«*j|t*«tV    fc*as—»f   ^^   ^</#r- 

••J WaVÄJ ST ö.a J 4ölS IWaVKa 6? Cr^i4^<L      u«,"/»^*i     S**+Il < r+**l      luoSC   Tfc £rt**o*V 

w***! 5S 1.9 J AOH 
12  11 fj 
*  II 5*-hi'*+*S .  *io oJof 

A>-^ 

\\\ \\\   Underground Resource Management, Inc. 
JuL                                 Austin. Tasaa 

D-32 



'J     • 

CH 

T*~pr*,y  W*U   it  of  2.0 D.    PVC   Pipe 

Pipe   I'S   F3*tl ' £+*/  A*d */&$   T+f*e/+*jcr4e»~ 

w//"M    Putt   +*p* 

/ t 

c**+  r«H pipe  T**+*    If-7 bsl i-p H3.7 b)l 

CasiA/e A*J   Scs>€e*    /fvnpeAatq. aVfcl   putted 

4*of   Aalt   q**at*ct %   ^A/4 7*e* 

Completion  Data 

1 
• Material 

/-Co» 

r—4.«- €!•*.. Too 
Oaacrlptlon of Cooing 

1 
B r-Concroto • 
2 

Pod 

!•;*. •: >£>—- 
\ *£« A» ] 

5- 
3P ^-Cotlng 

10— 

Vi 

15 — 

/ii- 

20— 

X5-* 

CM 

30 — 

-< 
*SH 

- _ 
*0 — 

J 
- 

^fci S*^««* 

J •*- 
-1 tolUf'«   j 5 

WS- 

-1 

1    1 

—J 

So- 

-« 
- 

D-33 i.- 



J     » Tf ^^ 

Fie d Borin« 3 Log 

Client        -o                     ^ Job Number Boring Numbar 

Proiact/Location                    ^^   /               —^ 
A*!*»»*« Art? /A*tn*, MT Shaat  J         of   J 

Surfte« Elevation Groundwate' Depth / Oat« Total Oapth Orlllad 
25. *' 

Data Drilled 
S/a*/rv 

Drilling and Sampling Methode Logged By 

ft* ££» *mm     sr - 5**/.¥ 7U« 
Contractor/Craw 

10         *5«e B« J« 0-f TV/ V*y< f*r 7i*ym*7 U/+II  Dsf^/Vs 
Drilling Rig Model 

• i 
E  E 
a  a 

(0 z ii 
• 

c   »» 
• fr- 

ee 

S«mpt« 
Disposition 

• o S 

-   c   u • 1 • i 

o 

£ 
09 

Sample Description 
a 
e 
• 
•1 

e a 
ii 

• 
a 
I 
z 

1 fl-l-S sr /.s V 4*7/5 0-1.$ £H CL^y    lti#Mt  ol*ftt'c    no  c*urt< ****W*/ 

/«•f   «fj-ff     p^   0,5"    <W*\   JcfiV 

tap**   v/f*»   blm4.lt cJi$tfl0r+-rt'r*     /\Q   tjj0/- 

0* 1-*M sr 1, 5 J Aoi. 2.S'*-0 CH CLAS      SH*, Imr re t.L»*/c    tfcft cempj-ctclf     frr*i*t*c/ 

+SitK   otl     A«r  *   •'^«j ftr9*<   V\i*JrOL*+b»"  ocfe*" 

3 5 0-6.5 sr (.5 J Aon !#•&] CH CLA Y    KMnJ-, f>/«ifi«     jc/r^<  >^iWr Xia If o«V 

Cvlic^t    noJu\*f      ***S   Stiff   OP-   ? • 7$ ^l 

Jo**0  ,   «f *• *•?  (-vlor      tlt\*r n i Jr& t+*> b&¥\ 

oJcr 

-1 7.5-1 0 ST 1.5 J AD'S 7.5-^.0 Mi ClAV       5,fm,Ur    T0 •*»**     tACt?*       b'ow*   *i*-^ 

Jmirt   S**0**   o f •»!*#•»<    rf*-«. 

5 10 tf-HS 3T 1.5 ; 401« iao-ii.$ CL 54/vpy cu^V   i~* «/«ff-i^ifi,     ;s% •<"> f' *• »«W 

K.r«/    op   »«fC?    ^-»*    *ro*/H   •T#fvll   .{««ff 

fHAUfi     f^tffS       cJ«»f0       ItHV Cm UmM . /1#   tJM^ 

jl   Underground «eaource Management, Inc. 
JUL                         Austin. Tmm 

D-34 



TV T^ wr mm 

Fie d Borim 3 Log 

HAT>\AA*  CoAPOfiATW* 
Job Number Boring Number 

Project/ Location                         *---»        / +                   *y-u Sheet 2.     of   Q          i 
Surfte« Elevation Groundwater Depth / Date Total Depth Orllled Date Drilled  . . 

7/20 7*V 
Drilling and Sampling Methode Logged By                     ... 

Contractor/Crew 

Commanta Drilling Rig Model 

• a 
a A 
£  E 
m   a 

<o z 
is 

• 

5  > 

CO 

Sample 
Olapoaltton 

B
lo

w
s 

a
n

d
/o

r 
R

e
c
o

v
e
ry

 

0 

E 
> 

CO 

Sample Description m 
3 
e 
• 

So 
•• 
§2 u 

i 
E a 
Z 

(o 13.5-fll JT I.I J A020 I3.S-«! c*i- SA/VDY' CLAt      fi'mn'li* 4+ «loos* 

1 K-Ü.J 5T 1-5 J Aoz\ J5.0-K.3 CL SAtfQfCLAI"    l«w./«f>i«.i>f      2»5u/o  ft'»*s*~*/t« ; J 

Pocktli     h + rcJ   oa7ti-0      Urn*      cJa~p 
t              '                rr                          •            ' 

% iM-NLft ST J.I J 4012. as-it.fr CL SAtVOY CLAY     ffm«aJlar  *# «oo-y*   CAttpt  moist 

1 afto-3o.1 ff <M J AQ21 
ÄJJ    100 
I      5 Of9 G-ftftVtL     occr\^ sr»J<<J,    5/**// t» <-*«^,H~» <?***/ 

/     l&f \oo$< s in ¥*r*+**J.      tlü   jjar    ^UesT «iJ 

£j'M*<fV«tf    ^smx/il {      or»¥€ i   .s    i"brou"d<4l 

T<J*   o "f      *9t*At+*J  1Q*C     , S      / f - 5 

Topa-f (rr**t\   >S     W. S ' 

to a5--25.w 5r Ö.M J 402-i 2%0-m crt CL*y   k.'ih/i eieMc    fiH,(/ go ?4^ 2fc,*   *n 

U**jc <?/*<-«*<£ m*n0fft*r    *o oje^ 

A \l\   Underground Resource Management, Inc. 
Juy                                 Auattn, Taiaa 

D-35 



^^^•^^ ' 7f     i •i«1 
^ •        ' ^"n8 

Completion Data 

Co«t Hcut   * -5 

U/eH   is   0+      flattie*    2-i*   TO     %c II £**( 

T3cw* •$   we/'  »V     2S.Q   k)l  wt + b   slerS 

D-36 



wr 

Fie d Borin« 3 Log i 

Chant               —                        - 

KADIA/tf   Co*VO*AT}0* 
Job Number 

5*/ -T3J 
Boring Number                   1 

•••eject/Location                                   j 
Shaat   /        of   J 

Surface  elevation Groundwater D-pth / Oat« Total Depth Drilled 
5/. 5' 

Data Drilled 

2"iiing and Sampling Methods Logged By 

S$- SmUr $****      ST-$b*ll>*T*U 
Contractor/Crew 

Kerf»« / •*£. 
Drilling Rig Model 

• e 

1! 
%    3 i z 11 fi «— 

CO 

Sample 
Disposition 

B
lo

w
s 

a
n

d
/o

r 
R

e
c
o

v
e
ry

 

o 

1 
at 

CO 

Sample Description 
a 
e 
e 

c a 

3  B 
§2 o 

i 
I a 
Z 

: i s *r 1-5 ; 4C2S U 'I   i Crt C L4 7     hffkhg   ol*S+ic     Ai'iWf ca/fC.4« M**/«/*/1 

J       7   F 

r T 
bUolc  with fft'lt  fubfrmiere     t/c**,   S+-/»»< 

I b)Jrt<~ärbtr*   ocJ&f 
! 

i   (;.5-^' 57 1-5 y A<?at 2.4-H.Q CH CLAY      5'Wi /**•    f-* a ^•ä 

• 1 

?       K-t 1 sr .5 j ton S-tf-t-S £L ^^/VD^cCC^K     /«w  »/***•#*#>*       2.0%   vm f**r 

Zm»e/    hm*J  pp  ~? H'.0    ls£~ *    eWv*** 

ju^f     fca^^*^«er   C«/.^H#   i*0(/<AiCf      ^(/<»-4 r«" 

*J*' 
1 

•" ,"s w; 5r J.5 • "«031 75-1.0 CL SAA/DYCLAY      «»«•//«#-    +v   a^o^C 
' 

. : Set/,*-***   £*JS»#«    *f     ?. 6 
•         p 

5    • Q " 5~ Li • 4^2 4 tOV-ll.l ML Gtf/Wtt-t/' 5/LT     f«w pi^s-ni/ri     2<? %   5~«, , 

i nr**t-l      S-ftT-f    t> 9  z  1 -  7 5     yc-*x      h<ji~"i 

Jump     m0J<r^fc     oJor 

i         i 1              ¥ 

SsJ.m** C *»#*,<.  e*   lQ.0* 

j.(   underground Re source Management, Inc. 
jet*   Teiaa 

D-3 7 



• "TW 

Fie d Borim 3 Log 

Client            _ Job Number Boring Number 

Project/Location                                                 /    . 
Sheet   3     of   3 

Surface Elevation Qroundwater Depth / Date Total Depth Drilled Date Drilled 

Drilling and Sampling Methode Logged By          - 

Contractor/Crew 

Comments Drilling Rig Modal 
/****,7 /J-5J 

• % 
a .0 
E £ 
m a 

CO Z 

IS 
• 
"S • 
c a 
E  > 
a v- 

Sample 
Disposition 

B
lo

w
s 

a
n

d
/o

r 
R

e
c
o

v
e
ry

 

o 
a 
E 

to 

Sample Description M 
a 
e 
• 

9 —» 
C Q 

to 
e 
n 
E 
3 
z 

6 IZS-I1.C 55 r.S J -4030 
33   Jt zn 
T « r <fp SAAtOY6*AVtL    ooo'U  A**J«J    *mf$m*r 

V-- 57 75 So   S«hr«**.J«J    **c<J,um   <rmvcl      J 5 % 

$<Ahr*u*J*/ \ztrt,  fi*€$4*tf/     loc/t*     Jrt, 
r                        •                            1 

f*d»'***~t   C{**<< /V   1^44/0+7****/ 

7 ,5.o-iC.S 55 1.5 J 403I 
15    17    j« 

* r r SP &R4VULY 5AA/D     000s  <#»**/#'**       ^fr.r; 

A/: 55 35%   5MA«.I< */«*•   $**ll + +m+mf    65'/*   •£*** 

•5«h r,u*J</   f**\J       IVOSC s Jr*   .   *0 od^f 

1 17 S*rtfl 5S 1.« J 40 U 
10   17    JW 
i r r 5/" O-AAyJiLLY S4A/D      Stmt'Lr   to  eU*€ 

V*5l 
S 

3 20-3I.S 53 '-5 J 4o*5 
a ii j 
7 Z £ SP <r*4\/i6Ur S4/1/D     fi'mt^r   #* e*e*»   tmiprJ—»* 

A/:*\ 

10 25-ac.s 55 1.1 J 403V Sr* 5/4/Vp     vtuCfa*1*   St« fe r**m.</lcJ Cour%c<i* *<J,    minor 

A/* Ht 2Cttt**</   *~icc/l «-If **-*&/       \oo%€      fn-runttc/ 

< f «,/t /    /*5   A *< »/•*       *^ vdof 

T*9 *4   $+w4+*d Z*o**   .'s    2*i.ö 

Hi III   Underground J4^ A 

source Management, Inc. 

jstin. Teiaa 

D-38 

«Ml 



TT "^^ 

Fie d Borim 3 Log 

Client            —      .             - Job Number Boring Number 
CH - 3 

Pro,,c"Loc,,ioU^^ ^ft />».«««, 7v Sheet    3     of 3 
Surface Elevation Groundwater Depth / Date Total Depth Drilled Date Drilled 

3 Ha/<r<i 
Drilling end Sampling Methode togged By 

Contractor/Crew 
TZ.c/1»* / SSL 

Comments Drilling RlgModal 

*  • 

£ £ 
m  a 

CO z 

e ft 
Semple 

Disposition 

B
lo

w
s

 
e

n
d

/o
r 

R
e
c
o

v
e
ry

 

o 
-O 
E >. 

CO 

Sample Description 
a» 
e 
• 
.j 

is 
2« 
§2 
ü 

e 
J 
E 
a 
Z 

II 30.0-3J.S 55 ff j J 4* 5S 
16   £1    'f 

4 r r SP S4A/0     r.M.'ii' ^«U^   Clü-O-ILo) 

/V=31 CH CLA-y     Li>4#« pl*ff~c.   *& i<**J   U**¥ 

T r                      * 

A \l\   Underground Re 
A 

D-: 

source Management, Inc. 
jittn. Texaa 

19 



w^ VT 

CO Hi   tfOLi   * 3 

SI** c^^.   Q"TO -pyx. AM-. 

2f-&~   10   C' bfl 

s9**f   Ac ft   jAcufc*/   X   $<4Af&'f€. 

Completion Data 

• rial       JA/" Mat 
Description 

^ 

r- 

"i 
'5 

Crt 

ct- 

-tu 

(f> 

*0—t 

-I 

£****? «* 

>A* 

Cao 

Slav., Too 
of Casing) 

pConcrsta 
/       Pad 

-^-Caatng 

!^->cri 

b 

J 
J 

10 — 

HJ 

-I 
J 

I     I 

D-AO 



I • I 

Field Boring Log 

T?/»Dfc4V Co*m*AT\o*/ 
Job Number Boring Number 

CH-H 
Project/Location              . Ä_     / _                —.. 

Sheet   |       of   ^ 

Surface Elevation Qroundwater Depth / Dete Total Dapth Drlllad 
JAS" 

Date Drilled 

Drilling and Sampling Method« Logged By 

ss -$i*> <~M    $r-sk*ihu r*l+ 
Contractor/Crew 

Comment«                      -• / '                                 ^    N       r Drilling Rig Model 
/*f#e//   ff-SJ 

5 5 
a ^ 
£ E 
0) Z 

is 
• 
E >» 

<0 

Sample 
Disposition 

B
lo

w
s 

an
d

/o
r 

R
ec

ov
er

y 

o 
J 
E 
«h 

CO 

Sample Description 
c 
e 
-j 

c O 

§5 o 

e 
m 
E 
3 
z 

1 0-1.5 5T 1.1 J Aon 0-l.S CH £44^    kiVlt/k  mUstic    *o <**a/   m,**/- fmti*+vr 

C*t,cAc HOCJHUC    U^ />, *V.iV ^fc,* 

k>r**t*   v*ir*\    \tUct c//SC6fLs*1~>0*    i»**t'sT 

5rr0*f    UyJr*c**l*tA   oJaf 

3L a.s-v.0 5T 1.5 J Am 3.5-V.O £H CL-AY         i, r^, Isr*     -f-m  a Los/C 

3 5.0-C.S 5T /•5 J 403-» 5.0-^S CH CLAY    t*t<hlu   mUsttc     M**o+   t/crt. -fin«. S*«£S 

r •                         / 

H 7.S-M sr 1-5 J 4oMü l.S-10 CL S4A/0Y cCM)^     /**/ aV«ff»*ffe      /S-J<?^   •"<, 

^ine    •&»•.</    f*fM«v c^/**4e wodu lets 

If*/*   w /V ^    hlmolC m*m«   5/7 o r/ 

«#*/t(^»-f-«   ados 

5 lü <Ml.S ST /.5 J *0M| I0.U-IL5 £L (r#4\/iLLY   CL4Y       low p l*tr,c *+y       IS 7* 

S***ll  KV+VGI ($*hro»*J*J)   ,  Jtru    Ififf 

99-3.7S     *£<**    hr*mm   Jmmm     tltfSf+J** 

$«arY*«**+   £Ji*t»< *   ^ •"   I 3 *& 

If!   Underground Reaource Management. Inc. 
JUL                                Auetm, Tesa« 

D-41 



VT 

Fie d Borint 3 Log 

iohjr~¥;5 
Boring Number 

CrV-V 
Proiact/Locatlon                               A fry     /                    _ 

Sheet   JJ    ol   7 
Surface Elevation Groundwater 0 -pth / Oata Total Oepth Orlllad Oata Orlllad 

Drilling and Samsung Mathoda Logged By   _ . 

Contractor/Crew 

Commanta Drilling RlgModal 

/•W/7   fr-^J- 

• • 
a a 
E E 
•   3 
M Z 

11 St 

• 
Is 
a i. 

CO 

Sample 
Oiapotition 

• s s 
5 5 5 
-  e  « 
s  «  • 

er 

0 

1 >* 
0) 

Sample Description M 
3 
e 
a 
-j 

It il 
o 

1 

1 
z 

i lZS-H.0 55 l-S J ACMfi 
V   CTG 
£      4     C 5? Orf^l/'iU.K ***/£>      w/t * ^     20/>   6-<u^^ 

*/s65 **€wimn  <**+**/    S^^o    f**b****0£v  f-t hc 
7                J 

MaaatrVat«*    $***/ .   I**fc  .J*^ .  hse/*s* 

** oct&r 

7 IS«" (4.5 55 /.S~ J n^J L3 *» a 
i r r *r* (rMVtllY S4A/D      t/mmi)**   *»»«4*>** 

V-5 1 

f Ill-It* 55 1.5 J ****** 4 r r 5/" bwVfwXliy 34*0       Cä'mSk* to  • •#•* <r*c-»f 

V=7? ^»^^*/    id / 

J ao-J*.s 5S f.J J A*** 
E U £J 
6  4     4 Sf btoVLLLt 5/4 V£>    cim/kr tm 4 <4#v<- **»«*? 

A**fH i/**-»*' 
•            F 

7t/£ «^ r*W 5*r**%r<cJ ~Z.on< \i A'i. 3 

IC UMM 5S J.S J **»*-f6 
J.  .«   27 
sir 3*» £rM/tLLV $4*/&     *i #»#/•*» t* ••#«« cxcrpt 

flf£Sflft£2a( 

III   Underground Resource Management, Inc. 
J^L                                 Auatai. Taaaa 

D-42 



VT »*»••»»• 

Fie d Borim 3 Log 
Client        ---s                       - 

KM DI**/ C**PMA T)öA/ 
Job Number Boring Number 

cH-H 
Project/Location                                    y   -                ._^ Sheet *5      of   3 
Surface Elevation Qroundwstsr Depth / Date Total Depth Drilled Date Drilled, 

Drilling and Sampling Methods L%&V+t-i~ tf**2f 

Contractor/Craw 
IC***** J J$L~ 

Comments Drilling Rig Model 

• 2 
a A 
E  E 

CO z 

I* c  > 
CO 

Sample 
Disposition 

B
lo

w
s 

a
n

d
/o

r 
R

e
c
o

v
e
ry

 

o 
.o 
E >> 
(0 

Sample Description 
3 
e 
e 

23 

o 

• 
J 
E 
3 
z 

II 3(7-31-5 55 l.s ^ 40^7 6*6 S*> (rlt*VCLLY&W&    (lo.a-n.ol f/^/Ur tu seW* 

y*5H CW o>?y f*i*o*v*sft r»i>A/w ?/*$*>*, **&**! 
>          it                  *           '"         ' 

l/c^<   Stiff.    2*fUrir*d   r.s€L4  . *o 0<Jo^ 
t                              t                                               i   /           7 

I It   Underground Reaource Management, Inc. 

JwL                               Austin. T.MAS 

D-A3 l- 



vr 

Co(l<L HOLE » *•/ 

Q"PVC   ftp*   SL-rr^'« fort*""  $ 

ColUf«  m+   ZO.oLjl 

Completion Data 

s H 

(0-1 

9' 

20 

2*H 

-»—4 

v-4 

**# —4 

vH 

Material 
Description 

^ 

JSHJT? 
N& 

Qt 

CC 

Co "v** 

So 

5* 

U«-Cttlng 

Cop 

Elov., Top| 
of Cooing | 

$***«n 

D-A^ 



Field Boring Log 
Client   ^-^>                      - Job Number Boring Number 

Project/Location            . _ _     ä .          t     __ „ 
Sheet   /        ot   ^ 

Surface Elevation Qroundwater Depth / Date Total Depth Drilled Date Drilled 
3/2^ /*7 

Drilling and Sampling Methode 
ß/*U** - 5/*«, /r« * ^A ; 4 *• Arm 

Logged By      ^ . 

^5-^1,-t-   <^„         5T-  5V«r/£<.   7^£C 

Contractor/Crew 

Comments                               '                                                ' Drilling RlgModel 

• 5 
a .a- 
£ e 
«   3 

CO Z 
IS it E x 

• H 
09 

Sample 
Disposition 

B
lo

w
s 

a
n

d
/o

r 
R

e
c

o
v

e
ry

 

o 
E 
>» 

CO 

Sample Description 
3 
e 
e 
J 

So • 
J 
1 a 
Z 

1 0-1.5 sr f.f 8 rf«75 0-1* crt CLAY    ki\*l? p}*s+i~<-,   ntio* \/rr<i   rth* $**4? 

k*rjpp * 1*0 %.*.    «*«*« mmJkm***, 

J***f 

5*c/t*v*t- Ck+^c «f-   3.5 

2 5-S.5 sr /-5 3 4<?7* S-C.S s* SICTYSAA/D     mrL<~J*J, toZ   vtqf>\c 

<*««/,     Jo¥*   <i~l*-f     loy*    C«/#*v4e 

«*«/ft/rf,   Jt»}*. fe*vw*i m-i/ **t*StCs 

e/sMta r 

3 ft*-lf.S $r l-S i3 >W77 10-II.S 5/1 5/trr S&*D    «.W/i.^ **> «bw 

5<a/,»«frHr    c4eer*   **""    1 H- O 

H rt-ics 5r /.* f? 4o7f tf-ÄS Ct GAAVtlLY 54MDYCLAf     ]<,„ »£***;>* 

10 /*  <«/##>4« 4Mc/otierr ****n0Ttwsr**e 1 

^O^ß 0**c/t'i,i»i su^rwu/eS Sn*c/ä     k + m**/ 

pp  ?H.O   *%m+    Jm^ßt   pr»~* 

5 10-11.5 -sr /.5 i3 4071 30-21.5 £H ct*y    h,siU  m/tfftt.   m****+r* f*mt**iml. 
r     .     •> —?   r.   J 

fCt 
r 

t»9 
lit   Underground Resource Management, Inc. 

Jut                                Auatin. Texae 

URM-T20 

D-45 



»T TT 

Field Boring Log 
Client   -~ Job Number Boring Numbar 

Project/Location                                           • -                   —— Sheet    5.   o*   3 
Surftco Elevation Qroundwater Dspth / Data Total Dapth Orlllad Date Drilled 

Drilling and Sampling Methode Logged By     ^ 

Contractor/Crew 

Comments Drilling Rig Model 

• • 
£ S 
«   3 
(DZ 

II n E >» 

09 

Sampl« 
Disposition 

B
lo

w
s 

a
n

d
/o

r 
R

sc
o

va
ry

 

o 
E > 

CO 

Sample Description 
a 1 • 

to 
S3 
55 

• 

§ z 

G 25-Ä.S 5T ;•* f5 ^SP a*0£S CH CtA£    fiJb.1L*   ** «4#^    <Xt*pt"   jrce* 

u//>*r ^ift/v* **eyy**«*«»/ /"*v*t mwfif'er 

7 2?-?/S 5r >.s S A0%t lo-ys £H CLAY      *f«h/le# t+oLm**'    CAcrft  his   m    ff/'* 

-x#*e  *•*>$    Sl,4,lt**sii/* si-fu^rw*T 

at.c/ MrV4   f#v«i  #*»/•#*•* **  upsiS* 

• •**/ IM »**m   ?y»4* Jt/*r o«   ^**s« r/i/* 

*& 35-36 5T /.ö S AofZ 35-% crt CIA*.      fc#>44L   P I***9* f   ** L*vscm*+~~i* ld 

H«*/  0p 7<i.p   "*€**+>. Jmmm.Jm+k 

ftS»**« 

1 HO-HO.L sr / t Tl *of* fMfftl <:* CLAY      *#iej//e*  -f*  «4^« 

\o HS~W <>T 0-M il **ri vj-fSV <:* £M£    r/"*!"'«•#• *•*» • 4»#^< 

rS ill   Underground Resource Management. Inc. 
J^L                                Austin. TSKSS 

URM-T20 

D-46 



1 

Field Boring Log 

au —, 
KAVIAR  C&XfrAATW* 

Job Number Boring Numb or 
CH-f 

Project/Location                               mm  _,       / M                   __ Shoot    "J     ol   ? 
Surfte« Elevation Qroundwatsr Dspth / Oats Total Oopth Drilled Oats Drilled 

Drilling and Sampling Methods Lofiflad Byy    _y 

Contractor/Crow 

Comments Drilling- Rig Modal 
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Fie d Borini 3 Log 
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Field Boring Log 
Cllant    --*-? Job Numbar Boring Numbar 

Project/Location                       .__    7                   __^ 
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Surface Elevation Sroundwatar Dapth / Data Total Dapth Orlllad 
3A 5 

Data Drilled 

Drilling and Sampling Methods Logged By 
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RADIAN 
CORPORATION 

Drilling Log Boring or Well No.CH~8 
Sheet  1 of  1 

Location Low Point Drain bv Bldg. 4544 
Ground Level Elev.: •* 490  ft.MSL(topo) 
Log Recorded by  Pat Good f. on  
Comments:  

Project Bergstrom AFB IRP Phase II Stage 1 
Beginning 2/20/85 and end 
 2/20/85 of drilling operation 
Sampling Interval (Estimated)   2.5  (ft) 
Drill Rig  Mobile B-53  

G:Grab/SS:Split  Spoon/ST:Shelby  Tube Drill  Operator Jose Landeros 

Depth             Sample 
(ft)     Zone       Type       ID# Lithologic Description Remarks 

+5- 

I ST    C-2(l) CLAY;  slight  gravel,   black,   soft, 
•eist« 

2.5- I ST    C-2(2) CLAY;  gravelly,   tan,   stiff,  moist, 
well  graded gravel. 

5.0- I ST    C-2(3) CLAY; gravelly, tan and black mot- 
tling, stiff, moist. Gravel (20- 
30%). 

7.5- I ST    C-2(4) CLAY; sandy, light brown, soft, 
moist sand (20-30%). 

10- I ST    C-2(5) CLAY;   same  as above. 
TD:     10 feet. 
Drager  hydrocarbon test   (nega- 
tive).     The  Drager   test was   per- 
formed after  total  depth.     Test- 
ing was   done   through   the  surface 
opening on  the  hollow-stem  auger. 

Abandonment of the 
boring was through 
backfilling of cut- 
tings. 
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Bonn* Completion Log:       Sheet  1   of  1 

lofit| Ho. 

 Site   I 
iJfci Project Bergstrom AFB   IRP  212-027-11 

Log  Recorded  by Peter A.   Waterreus 

LlUltlOD 
II ruct ion  Started 

Tot«.   Depth   Drilled   (ft] 
2/20/85 Completed   2/20/85 

10.0 Hole Diameter 8-inch 
, ing Method   Free t light hoi low-stem auger (Mobile B-53 rig) 

Protoiea* encountered during drilling/completion   

ter source for drilling and completion procedures _  Bergstrom AFB potable supply 

*u»b*r, type and disposition of samples collected _  5 Shelby tube 

interval (ft-ft) 0.0-1.0. 2.5-3.5. 5.0-6.0. 7.5-8.5. 10.0-11.0 

jrage and/or preservation method(s)    Clear glass quart jar and lid 

Ny A 
ill kit* 
a»ing  type 

Top  of   veil   casing   Ut-ACL/BGL) 
Jepth   ot   casing   (It) N/A 

.-en   type N/ A  
-ixe Sj A  

N/A 
Diameter 
Elevation   (ft-msl) 

N/A 

Diameter 
Screen interval (ft-ft) 

N/A 

N/A 

N/A 

?t   glue   used   to  join  casing N/A 
%ravel/sand   pack  used N/A  

oi   »ravel   pack  used  N/A  
i   lac   distribution  of   gravel   pack N/A 

.ithology   ot   gravel   pack N/A  
^•pany   and  quarry/pit)  _      N/A  

N/A •vii   at   gravel   pack   (ft-ft) 
/«I   of   bentonite   seal   (ft-ft)          N/A 
'al   of   grouting   (ft-ft) N/A  

lauLilii^ed   to   nole  with   cuttings. 

al  fftvfity   Measures 

Location of  key(s) N/A 
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RADIAN 
CORPORATION 

Drilling Log Boring or Well No. CH-9 
Sheet   1  of    1 

Location Low Point Drain by Bldg. 4544 
Ground Level Elev.:«^ 489  ft.MSL(topo) 
Log Recorded by  Pat Goodson  
Comments :   

Project Bergstrom AFB IRP Phase II Stage 1 
Beginning 2/20/85 and end 
 2/20/85 of drilling operation 
Sampling Interval (Estimated)   2.5  (ft) 
Drill Rig  Mobile B-53  

G:Grab/SS:SDlit  Spoon/ST:Shelby  Tube Drill  Operator Jose Landeros 

Depth             Sample 
(ft)     Zone       Type       ID# Lithologic Description Remarks 

+5- 

I 
OT  r_T r ^ \ 

moist. 

2.5- I ST C-3(2) CLAY; slight gravel, mottled tan 
and black, soft, moist. 

5.0 I ST C-3(3) CLAY; very slight gravel, black, 
soft, moist. 

7.5- I 
ST C-3(4) CLAY; gravelly, black, stiff, 

moist, gravel (20-302). 

10 

I ST C-3(5) CLAY; sandy and gravelly, light 
brown, loose moist. 

TD:  10 feet. 
Drager Hydrocarbon Test (posi- 
tive, slight greenish tint. 
Low concentration). 
The Drager test was performed 
after total depth.  Testing was 
done through the surface open- 
ing on the hollow stem auger. 

Abandonment of the 
boring was through 
backfilling of cut- 
tings. 
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RADIAN 
CORPORATION 

Boring Completion Log:   Sheet 1 of 1 

Boring or Well No. 
Location   Site 9 

CH-9 Project   Bergstrom AFB IRP 212-027-11 
Log Recorded by Peter A. Waterreus 

Construction 
Construction Started 2/20/85 Completed   2/20/85 
Total Depth Drilled (ft)   10.0 Hole Diameter 8-inch 
Drilling Method   Free flight hollow-stem auger (Mobile B-53 rig) 
Problems encountered during drilling/completion   None  

Water source for drilling and completion procedures   Bergstrom AFB potable supply 

Sampling 
MiiTTiKö*» #-»« rto      nnH      /Ji   P r\j •J    Glieluy    LUUK 

Sample interval (ft-ft) 0.0-1.0. 2.5-3.5. 5.0-6.0. 7.5-8.5. 10.0-11.0 

Storage and/or preservation method(s)   Clear glass quart iar and lid 

Materials 
Casing  type         N/A 
Top of well  casing   (ft-AGL/BGL) N/A 
Depth  of   casing  (ft)         N/A 
Screen  type         N/A 
Slot  size         N/A 

Diameter         N/A 
Elevation  (ft-msl) N/A 

Diameter          N/A 
Screen interval (ft-ft) N/A 

Type(s) of glue used to join casing   N/A 
Type of gravel/sand pack used   N/A  
Amount of gravel pack used   N/A  
Grain size distribution of gravel pack   N/A 
Lithology of gravel pack __  N/A  
Source (company and quarry/pit) _  N/A 

Interval of gravel pack (ft-ft)   N/A 
Interval of bentonite seal (ft-ft) 
Interval of grouting (ft-ft)   N/A 

N/A 

Comments 
Backfilled with cuttings 

Description of Security Measures 
N/A  

Padlock ID No, N/A Location of key(s) N/A 
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RADIAN 

CORPORATION 

Drilling Log Boring or Well No. CH-TQ 

Sheet  1  of 

Location Low Point Drain bv Bldg. 4544 
Ground Level Elev. JV* 490  ft.MSL(topo) 
Log Recorded bv  Pat Goodson  
Comment 8:  

G:Grab/SS:Split  Spoon/ST:Shelbv  Tube 

Project  Bergstrom AFB  IRP Phase  II  Stage 1 
Beginning 2/2/185 and end 
 2/21/85 of  drilling operation 
Sampling  Interval  (Estimated) 2.5       (ft) 
Drill  Rig       Mobile B-53  
Drill Operator       Jose Landeros  

Depth   
(ft)    Zone 

Sample 
Type       ID# Lithologic Description Remarks 

+5- 

r i ST    C-4U) CLAY; gravelly, black, soft, 
moist, tan gravel (20-30%). 

2.5- I ST    C-4(2) CLAY;   same  as  above 

5.0 I ST    C-4(3) SAND AND CLAY;   tan,   loose 

7.5- I ST     C-4(4) CLAY;   black,   soft,  moist 

10 I ST    C-4(5) CLAY; tan and black, soft, 
moist, some minor gravel. 
TD:  10 feet. 
Drager Hydrocarbon Test (Nega- 
tive).  The Drager test was per- 
formed after total depth.  Test- 
ing was done through the surface 
opening ou the hollow stem auger 

Abandonment of the 
boring was through 
backfilling of cut- 
tings. 
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RADIAN 
CORPORATION 

Boring Completion Log:   Sheet 1 of 1 

Boring or Well No. 
Location   Site 9 

CH-10 Project   Bergstrom AFB IRP 212-027-11 
Log Recorded by   Peter A. Waterreus 

Construction 
Construction Started   2/21/85 Completed   2/21/85 
Total  Depth Drilled  (ft) 10.0 Hole Diameter 8-inch 
Drilling Method _ Free flight hollow-stem auger (Mobile B-53 rig) 
Problems encountered during drilling/completion   None  

Water source for drilling and completion procedures _  Bergstrom AFB potable supply 

Sampling 
Number, type and disposition of samples collected   5 Shelby tube 

Sample interval (ft-ft) 0.0-1.0. 2.5-3.5. 5.0-6.0. 7.5-8.5, 10.0-11.0 

Storage and/or preservation method(s)   Clear glass quart jar and lid 

Materials 
Casing type N/A 
Top of  well  casing   (ft-AGL/BGL) N/A 
Depth  of   casing  (ft)     N/A  
Screen  type N/A  
Slot   size N/A  

Type(s)  of   glue  used  to join casing N/A 
Type  of   gravel/sand  pack used N/A  
Amount  of  gravel   pack used N/A  
Grain  size  distribution of  gravel   pack 
Lithology  of  gravel   pack N/A  

N/A 

Source (company and quarry/pit) _  N/A 

Diameter         N/A 
Elevation  (ft-msl) N/A 

Diameter         N/A 
Screen interval (ft-ft) N/A 

Interval of gravel pack (ft-ft)   N/A 
Interval of bentonite seal (ft-ft) 
Interval of grouting (ft-ft)   N/A 

N/A 

Comments 
Backfilled the hole with cuttings 

Description of Security Measures 
N/A  ... 

Padlock ID No, N/A Location of key(s) N/A 
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RAW  FIELD  DATA 
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WELL DEVELOPMENT 

Each of the six monitor wells were developed using a 1/3 h.p., 

single phase, 230 volt Franklin motor with a Goulds pump connected to a 

1-1/4 inch flexible black poly-hose. 

Each well was Surged niTOU! tines by lifting the pürcp intake to 

either the top of the screen or top of the water, if within the screen, 

and repeatedly turning the pump on and off. This was done at 3 points 

within the screen, then the pump was raised and lowered the length of 

the screen before being placed on bottom to remove any resulting silt. 

This surging process was repeated until the water condition was clear 

and approved by the on-site Radian representative. 
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WELL DEVELOPMENT - MONITOR WELL NO. 1 

Screen: 21.4' to 31.4' bgl 

Top of Sand: 18.6' bgl 

March 28, 1984 

WL TOC 0910 hours 22.87* 

WL TOC with pump in well 19.99' 

Time Pump 

0925 hrs. pump on 

0930 hrs. 10 gpm 

1000 hrs. 10 gpm 

1025 hrs. 8 gpm 

1030 hrs. 8 gpm 

1100 hrs. 8 gpm 

1115 hrs. 8 gpm 

1130 hrs. 8 gpm 

1140 hrs. 8 gpm 

Total  volume pumped    1,160 gallons 

Maximum drawdown 22.96' TOC 

Result 

water vsry  silty 

water very silty 

water moderately silty 

water clear, rate cut back to 

stabilize WL 

began surging well screen, surged 

4 times, becomes very silty 

water clear 

surged screen 2 times, moderate 

increase in silt 

water clear, surged well 3 times, 

water remains clear 

shut-off pump 
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WELL DEVELOPMENT - MONITOR WELL NO. 2 

Screen: 19.6' to 30.0' bgl 

Top of Sand: 16.8' bgl 

March 29, 1984 

WL TOC 0950 hours 20.08' 

WL TOC with pump in well 19.23' 

Time Pump 

1000 hrs. pump on 

1015 hrs. 6 gpm 

1030 hrs. 6 gpm 

1146 hrs. 7.5 gpm 

1210 hrs. 7.5 gpm 

1225 hrs. 9 gpm 

1250 hrs. 9 gpm 

1256 hrs. 9 gpm 

Total  volume pumped    1,327 gallons 

Maximum drawdown 23.92'  TOC 

Result 

water very  silty 

water moderately silty 

water clear, surged screen 2 

times water becomes very silty 

water clear, surge 5 times, water 

becomes moderately silty 

water clear, surge 4 times, water 

remains clear 

water clear, rate change without 

valve adjustment 

water clear, surged well 2 times, 

no silt developed 

shut-off pump 
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WELL DEVELOPMENT - MONITOR WELL NO. 3 

Screen: 16.0' to 26.0' bgl 

Top of Sand: 14.0' bgl 

March 28, 1984 

WL TOC 1210 hours 19.75' 

WL TOC with pump in hole 13.84' 

Time Pump 

1220 hrs. began pumping 

1225 hrs. 1 gpm 

1455 hrs. 1 gpm 

1500 hrs. 1 gpm 

1530 hrs. 2 gpm 

1536 hrs. 4 gpm 

1800 hrs. 4 gpm 

1924 hrs. 4 gpm 

Total  volume pumped    1,139 gallons 

Maximum drawdown 20.15'  TOC 

Results 

water very silty 

water ^ery  silty 

water clear 

surged screen 5 times, water 

becomes moderately silty 

increased rate 

increased rate 

surged well 5 times, water 

remains clear 

shut-off pump 
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WELL DEVELOPMENT - MONITOR WELL NO. 4 

Screen: 19.6" to 29.6' bgl 

Top of Sand: 15.6' bgl 

April 3, 1984 

WL TOC 21.33' 

WL TOC with pump in well 19.67* 

Time 

0940 hrs 

0950 hrs 

1000 hrs 

1020 hrs 

1040 hrs 

1110 hrs 

1130 hrs 

1150 hrs 

1320 hrs 

1350 hrs 

1400 hrs, 

1410 hrs 

Pump 

pump on 

0.5 gpm 

pumped off 

10 gpm for 

10 gpm for 

10 gpm for 

10 gpm for 

10 gpm for 

10 gpm for 

10 gpm for 

10 gpm for 

10 gpm for 

20 sec 

20 sec 

20 sec 

20 sec 

20 sec 

30 sec 

20 sec 

20 sec. 

20 sec 

Total volume pumped 39 gallons 

Maximum drawdown   dry 

Result 

very silty 

very silty 

very  silty 

very  silty 

very  silty 

moderately silty 

moderately silty 

moderately silty 

slightly silty 

nearly clear 

nearly clear 
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WELL DEVELOPMENT - MONITOR WELL NO. 5 

Screen: 29.9' to 40.0* bgl 

Top of Sand: 23.8' bgl 

March 29, 1984 

WL TOC 27.37' 

Bailed 62 liters (16.4 gallons) 

Water was very  silty in beginning, but cleared up with last 8 

bails 

April 2, 1984 

WL TOC 27.31' 

WL TOC with pump in well 25.56' 

T4me 

1500 hrs 

1510 hrs 

1600 hrs 

1610 hrs 

1620 hrs 

1625 hrs 

1710 hrs 

1720 hrs 

1730 hrs 

1750 hrs, 

1845 hrs. 

Pump 

pump on 

0.5 gpm 

0.5 gpm 

10 gpm for 30 sec 

10 gpm for 25 sec 

10 gpm for 20 sec 

10 gpm for 30 sec 

10 gpm for 20 sec 

10 gpm for 20 sec 

10 gpm for 20 sec. 

10 gpm for 30 sec 

Total volume pumped 61.2 gallons 

Maximum drawdown    dry 

April 3, 1984 
Unknown volume bailed by Radian Personnel 

1-7 

Results 

moderately silty 

moderately silty 

pumped off 

moderately silty. 

moderately silty"* 

moderately silty 

moderately silty 

slightly silty 

slightly silty 

very slightly silty 

very  slightly silty 
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WELL DEVELOPMENT - MONITOR WELL NO. 6 

Screen: 15.0* to 25.01 bgl 

Top of Sand: 14.0' bgl 

April 2, 1984 

WL TOC 21.82 

WL TOC with pump in well 19.99' 

Time          Pump Result 

0900 hrs.       pump on water very  silty 

0905 hrs.       3.5 gpm water very silty 

0915 hrs.       3.5 gpm water slightly silty 

0937 hrs.       3.5 gpm water very  slight silty 
0950 hrs.       3.5 gpm surge screen 3 times, water 

becomes very silty 

1145 hrs.       3.5 gpm water very  slightly silty, surge 

4 times, water becomes very 

silty 

1400 hrs.       3.5 gpm clear, surge 4 times, no silt 

1430 hrs.       3.5 gpm water clear, pump shut-off 

Total volume pumped 1,155 gallons 

Maximum drawdown   22.20* TOC 
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Form.8 
IRP   FIELD   WATER   SAMPLING   FORM 

RADIAN   CORPORATION 
(DISCLAIMER:    Data   entered   on   this 
form   was   obtained   during   field 
sampling.      All   entries   Arm  pre- 
1lminarv   in   nature,   do  not   represent 
RadI an   s   final   assessment   and   mavbe 
subject   to   revision   at   anv   time.) 
Samoler       ffuj/rxt+j  

SAMP.fOINT;    ftLJ     2. 
LOCATION:      STAI £* 

PROJECT:   Bergstrom AFB 
212-027-11 

CONTRACT: F33615-83-D-4001,   Oil 

Sheet * of 

Date/time   Di scharqe 
(GPM/Bail(s)) 
Note SWL start/ 

Field Measurements 
Temp. Conduc- pH 
(2)     tivitv- 

Remarks 
(Note   bailer 

capacity) 
End. (1) (3) 

v^/ar 
/ w 

5C 3 l*ib 
1   " 

3  " 

3 u 

re   \i<\< 

2S°C       £?0 i  8 

***«     its i.T 
tt*<-     fft 6.8 

zz1^ fr/j- 6   8 

^ < > Zl.S9     61o o.8 

t t 2zt      6Zo o  8 

**~t~     jit s%.p*f ,   ß\ 

Sott!     Ill    Deoth   mmm+<Armmmnt 
*   •>    and   Electn 

««de   bv   Steel    T4pe    (ST);   Rooe   *   Bailer 
Line    (ED. 

<2>    TejeajT eture   in   degree*   celsiu*. 
f*»    Conducti /itv   in   micro«hoe/centimeter   at   * teld   temoerature 
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Form.8 
IRP FIELD WATER SAMPLING FORM 

RADIAN CORPORATION SAMP.POINT 
(DISCLAIMER: Data entered on this LOCATION:_ 
form was abtained during field   
sampling.  All entries are pre- PROJECT: Bergstrom AFB 
1 i mi nary i n nature, do not represent 212-027-11 
Radian's final assessment and mavbe CONTRACT: F33615-83-D-4001, Oil 
subject to revision at any time.) 
Sampler   /Mo | ****&  Sheet   ^    of  ^> 

JÜM: 3 

Date/time   Discharge Field Measurements      Remarks 
(SPM/Bail<s)) Temp.   Conduc-     pH   (Note bailer 
Note SWL start/ (2)     tivitv.             capacity) 

End. (1) (3) 

9/WPf    # • 
* 

* 
**j'c *A> ^ V 

Zxz'c      **>        6 * 
# * 

* • 

• CYr s»*/^ /   » /C/// * 

* * • 
* * * 
* » * 
* * * 
» * * 
• * • 

» * • 
» * * 
» » * 
» » * 

Note: (1) Depth measurements made bv Steel Tape (ST): Rape & Bailer 
(R/B) and Electric Line (EL). 

<2) Temoerature tn degree« eel si us. 
(3) Conductivity m micromhos/centimeter at field temperature 

E-22 
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Form.a 
IRP FIELD WATER SAMPLING FORM 

RADIAN CORPORATION 
(DISCLAIMER: Data entered on this 
-form was abtained during -field 
sampling.  All entries are pre- 
1i mi nary i n nature, da not represent 
Radian 's -final assessment and maybe 
subject to revision at any time.) 
Sampler  Otto   /TKuO  

SAMP. POINT; //lO'H 
LOCATION: ß/AP 

PROJECT Bergstrom AFB 
212-027-11 

CONTRACT: F33615-83-D-4001,   Oil 

Sheet & of 1 

Date/time Discharge 
(GPM/Bail(s)) 
Note  SWL   start/ 

End. (1) 

Fi eld   Measurements 
Temp. Conduc— pH 
(2) tivity. 

(3) - 

Remarks 
(Note  bailer 

capacity) 

//-3o *&t    V.W * 

* 
* 
* 

* 1 
* •* 

* 6 

0*-5< A* 

* xsc 

J /öS* *6<rr  r^r^f^r 
* 
# 
* 
* 
* 
* 
* 
# 

* 

* 
* 

m 
* 
m 

3100 

3lS~o 

Note:    <1) 

<2) 
(3) 

Depth measurements made bv Stee1 Tape (ST): Rope & Bailer 
(R/B) and Electric Line (EL). 
Temperature i n degrees eel si us. 
Conductivitv in micromhos/centimeter at -field temperature 

E-23 
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Form.8 
IRP   FIELD   WATER   SAMPLING   FORM 

RADIAN   CORPORATION 
(DISCLAIMER:   Data   entered   on   this 
-form  was  obtained  during   field 
sampling.      All   entries   are  pre- PROJECT:   Bergstrom AFB 
liminary   in   nature,   do  not   represent 212-027-11 
Radian's   final   assessment   and   maybe CONTRACT: F33615-83-D-4001,   Oil 
subject  to  revision   at   any  time.) ^ 

SAMP. 
LOCA1 

POINT 
riON: 

^^t/^)^/^C ^  

Sampler       flHo / TKu>  Sheet of 

Date/time   Discharge            Field Measurements Remarks 
(GPM/Bail(s)) Temp.   Conduc-     pH (Note bailer 
Note SWL start/ (2)     tivity. capacity) 

End. (1)                   (3)      _ 

# * 

* * * 

IX 30 

* ffA**f * * 
* * l%% i*>oV              i-&        * 
I l^c 1*0 Ü          If       i 
* t             * * 

it ht<< v°    6"  : 
in u*t */>-«    '*• : 
: &&J fiy   : : 
* » * 
* * * 
* * * 

* * * 
* * * 
* * * 

* • * * 
* * * 
* * • 

Note: (1) Depth measurements made bv Steel Tape (ST): Rope 8c Bailer 
(R/B) and Electric Line (EL). 

(2) Temperature in degrees Celsius. 
(3) Conductivity in micromhos/centimeter at field temperature, 

E-24 
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Form,a 
IRP   FIELD   WATER 

RADIAN   CORPORATION 
(DISCLAIMER:   Data   entered   on   this 
-form  was  obtained  during  -field 
sampling.      All   entries  Are  pre— 
1i mi nary  i n  nature,   do  not  represent 
Radian *s   final   assessment   and  mavbe 
subject  to  revision   at   any  time.) 
Sampler        P/CQ/M^/  

SAMPLING   FORM 
SAMP. POINT; /j&U-  6 
LOCATION:       Ü4 ?G 

PROJECT:   Bergstrom AFB 
212-027-11 

CONTRACT:F33615-83-D-4001,   Oil 

Sheet of 

Date/time Discharge 
(GPM/Bail<s>) 
Note  SWL   start/ 

End. (1) 

Fi eld Measurements 
Temp.   Conduc-     pH 
(2)     tivitv. 

<3> 

Remarks 
(Note bailer 
capacity) 

/*£ i£ W/rt PC<T      £%*&    &££[j<A t Qs£. 
* * 

z'-2-r * 
* $Utt Xtrf * 70 *%y> 
* 

* 
3  h 4iZi 

* 
* 
* ?6"c ^o 

* * 

* 
"-7 * 

ZVc £öo 
• * 

* —' 
* 
• *Y°c IZo 

• • 
* 
• 1 * 

* i-Hsc 1to 
• * 

-       >6 

* 
* 
* 
* 

3 * 
* 
* 
* 

y-z s- ?*.« 

Z: Vo 
• 
* £<rr s~ <~-?tf : 
* * 
* * 
* • 
» * 
* * 
* * 
* • 
* • 
* # 

6.z 

o 

6 c 

Note: (1) Depth measurements made bv Steel Tape <ST); Rape & Bailer 
(R/B) and Electric Line (EL). 

(2) Temperature i n degrees eel si us. 
(3) Conductivity in micromhos/centimeter at field temperature 
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BERG3TR0M AFB IRP PHASE II STAGE 1 

FIELD INVESTIGATION SAMPLING 

QUALITY  CONTROL  PLAN 

Prepared by: 

Radian Corporation 
8501 Mo-Pac Blvd. 

Austin, Texas  78766 
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1.0       INTRODUCTION 

Field investigations under the US Air Force Installation Restoration 

Program generate a large number of soil, waste and/or water samples for 

chemical analysis. The analytical results are then used to interpret the 

impact of a waste site upon the local hydrogeologic system(s). Since each 

analysis forms a foundation for interpretation, it is important that each 

sample is representative of a particular situation. 

A quality control (QC) plan provides a guideline through which field 

samples can be obtained, preserved and controlled. This will ensure that the 

integrity of the sample is maintained and that no contamination or cross 

contamination will occur. 

The remainder of this QC plan describes the general collection of 

soil, waste and water samples. Methods of preservation, shipping and 

administrative controls are also discussed. 

f-3 
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2.0 QUALITY CONTROL PROCEDURES FOR SOIL AND WASTE SAMPLING 

AND ANALYSIS 

Based upon the sampling scheme as discussed in the Statement of 

Work, soil and possibly waste samples will be collected from the following 

areas: 

o South Fork Drainage Ditch 

o MOGAS Spill at Motor Pool 

o Fire Training Area 

o Combined Southeast Landfill 

o JP-4 Spill/Overtopped Tank Area 

o JP-4 Suspected Underground Line Leak 

Analytical parameters for the soil samples are summarized in Table 2-1.  Field 

collection procedures are described in Table 2-2.  Quality control procedures 

for sample collection and analysis are discussed below. 

2.1 Collection of Soil Samples 

Quality control procedures associated with soil sampling will be an 

integral part of the sampling methodology.  These procedures focus upon 

ensuring the collection of representative samples which are free from external 

contamination.  Documentation and chain-of-custody procedures are also an 

important part of the sample collection QC effort, which include the following 

procedures: 

Split-spoon and hand auger sampling will be used to obtain 

representative samples from depth specific points, as opposed 

to sample cuttings which may originate at different points and 

be cross-contaminated. 

I 

I 
F-4 



^p 1 

TABLE 2-1 

Levels of Detection are for water unless shown otherwise: 

Levels of Detection Required 

voc * 
** TOC 1 mg/L 
** TOX 5 ug/L (waters); 5 ug/g (soil) 

Oil & Grease (IR) 0.1 mg/L (waters); 100 ug/g (soil) 
Polychlorinated Blphenyls 0.25 ug/L (waters; 1 ug/g (soil) 
Phenols 1 ug/L (waters); 1 ug/g (soil) 
Arsenic 10 ug/L 
Barium 200 ug/L 
Cadmium 10 ug/L 
Chromium 50 ug/L (waters); 5 ug/g (soil) 
Copper 50 ug/1 
Lead 20 ug/L (waters); 2 ug/g (soil) 
Mercury 1 ug/L 
Nickel 100 ug/L 
Selenium 10 ug/L 
Silver 10 ug/L 

Pestioide Analyses (ug/L) 

DDT isomer 0.02 
Dibrora 0.03 
2,4-D 0.06 
2,4,5-TP silvex 0.06 

For soils, use detection levels shown above, but report values as mlcrograms 
pesticide per gram of soil. 

* As specified in U. S. EPA Methods 601 and 602. 

** Detection levels for TOC and TOX must be 3 times the noise level of the 
Instrument.  Laboratory distilled water must show no response.  If so, 
corrections of positive results must be made. 
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TABLE 2-2.  FIELD COLLECTION OF SAMPLES 

Following guidance Is provided field survey personnel to assist them in 
collecting, preparing and preserving samples* 

Soil Sample Collection 

Soil samples will be placed in containers as described below: 

s 

Analysis Required 

Oil and Grease, Lead, Nickel, 
Chromium, Cadmium and Copper 

Field Procedure 

Prepare a homogeneous soil mix- 
ture and fill a 1-quart glass 
jar with Teflon liner* Note: One 
jar provides RAS with sufficient 
soil to perform any or all re- 
quested analyses. Keep samples 
chilled to 4°C. 

Water Sample Collection 

Analysis Required 

TOC and/or phenol 

Field Procedure 

Collect sufficient water and fill 
a 500 ml glass jar. Add 2 ml (1 
plastic pipet full) of Sulfuric 
Acid. Keep samples chilled to 
4°C. 

Purgeable Halocarbons and 
Aromatics 

Collect sufficient water and fill 
2 each 40 ml VOA vials to the top 
(no air bubbles present). Cap and 
seal the vials. No air bubbles 
should be present. Keep samples 
chilled to 4ÜC. 

TOX 

Arsenic, Barium, Cadmium, 
Chromium, Copper, Lead, 
Mercury, Nickel, Selenium 
and Silver 

Collect sufficient water and fill 
a 500 ml glass bottle to top (no 
air present). Keep samples chilled 
to 4°C. 

Collect sufficient water and fill 
a 500 ml plastic bottle. Add 2 ml 
(1 plastic plpet full) of Nitric 
Acid. Keep samples chilled. 

I 
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Oil and Crease 

Pestlcides/Polychlorlnated 
Btphenyls 

Collect sufficient water and fill 
a 1-quart glass bottle nearly to 
the top» Add 2 ml (1 plastic pipet 
full) of Sulfuric Acid. Keep sam- 
ples chilled. 

Collect  sufficient water and   fill 
a 1-liter glass bottle  to the  top. 
Cap with Teflon  liner.  Keep  sample 
chilled  to 4°C. 

N 

Air Sample Collection 

Analysis Required 

Purgeable Hydrocarbons 

Field Procedure 

Fill a stainless steel evacuated 
cylinder with ambient air from se- 
lected site. 
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o   During the drilling, the on site geologist will ensure that 

cuttings coming to the surface on the auger flights are 

accurately described.  This will serve as a general log to be 

confirmed by split-spoon samples, 

o   The split-spoon or hand auger sampler will be cleaned between 

each sampling to prevent cross-contamination of the samples in 

accordance with the safety plan, 

o   After sample collection, each sample will be logged into a 

master sample logbook (bound, paginated, laboratory notebook) 

which as a minimum indicates the date and time of sample 

collection, sample type, and initials of the person who 

collected the sample. 

o   Soil samples will be chilled for preservation until analyses. 

o   Chain-of-custody forms, Figure 2-1 will be used to document all 

Radian and USAF transfers of sample possession from initial 

preparation of the sample container to final disposition of the 

sample, 

2.2      Analytical Quality Control for Soil Samples 

In addition to the general sampling QC procedures described above, 

specific QC procedures and criteria are associated with various analyses and 

described below: 

2,2.1    Metals 

Heavy metals will be determined after acid extraction in accord- 

ance with EPA methods.  Determination for these metals will involve both 
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inductively coupled plasma emission spectrometry (ICPES) and atomic absorp- 

tion spectroscopy (AAS).  The metals to be analyzed are presented in Table 

2-1.  Calibration and QC procedures for metals analyses are discussed below. 

These procedures are based upon EPA recommended procedures for the 200 Series 

Methods. 

2.2.2 Calibration 

Calibration curves will be generated daily for each metal species 

using a reagent blank and a minimum of three upscale concentrations.  A cali- 

bration curve will be considered acceptable if the correlation coefficient, r, 

is ^0.995.  A new calibration curve will be*generated after analysis of no 

more than 20 samples.  the new curve will be acceptable if it meets the 

linearity criterion above, and if the slope agrees with that of the previous 

curve within +102. 
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Company Sampled/Address 
Sample Point Description  

Stream Characteristics: 
Temperature  
Visual Observations/Comments 

FIGURE  2-1 

CHAIN OF CUSTODY RECORD 

Field Sample No. 

Flow pH 

Collector's Name  
Amount of Sample Collected  
Sample Description  
Store at:    D Ambient    G 5°C    Z - 10°C    D Other 

Date/Time Sampled 

G Caution • No more sample available  D Return unused portion of sample • Discard unused portions 

Other Instructions • Special Handling • Hazards  

D Hazardous sample (see below) 

• Toxic 
C Pyrophoric 
G Acidic 
D Caustic 
D Other  

Skin irritant 
Lachrymator 
Biological 
Peroxide 

Non-hazardous sample 

• Flammable (FP< 40°C) 
Z Shock sensitive 
Z Carcinogenic • suspect 
Z Radioactive 

Sample Allocation /Chain of Possession: 
Organization Name  
Received By  
Transported By  
Comments  
Inclusive Dates of Possession 

Organization Name  
Received By  
Transported By  
Comments  
Inclusive Dates of Possession 

Organization Name  
Received By  
Transported By  
Comments  
Inclusive Dates of Possession 

Date Received 
Lab Sample No. 

Date Received 
Lab Sample No. 

Date Received 
Lab Sample No. 

Time 

Time 

Time 
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3.0      QUALITY CONTROL PROCEDURES FOR GROUNDWATER SAMPLING AND ANALYSIS 

Based upon the sampling scheme as discussed in the Statement of 

Work, ground-water samples will be collected from the following areas: 

o Existing Wells 

o MOGAS Spill at Motor Pool 

o Fire Training Area 

o Combined Southeast Landfill 

o JP-4 Spill/Overtopped Tank Area 

o JP-4 Suspected Underground Line Leak 

Analytical parameters for the ground-water samples are summarized in Table 

2-1.  Field collection procedures are described in Table 2-2.  Quality control 

procedures for sample collection and analysis are discussed below. 

3. 1      Sampling Quality Control for Groundwater Samples 

Quality control efforts associated with groundwater sampling are 

primarily procedural quality control activities which are an integral part of 

the monituring well development and sampling methodology.  These procedures 

focus upon ensuring that the samples are representative of the specified depth 

and as free as possible from external and/or cross-contamination.  Examples of 

the QC aspects of the groundwater sampling effort include the following: 

o   Groundwater levels will be measured and recorded before any 

groundwater disturbances. 

o   Initially, all wells will be pumped or bail-developed in order 

KO remove all fines within the well and, to the extent 

possible, remove any drilling fluid, if used, which may have 

penetrated the formation during the drilling. 
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o   All wells that are sampled will be evacuated with a clean PVC 

bailer or bladder pump until the pH and specific conductance of 

the groundwater stabilizes or until three well volumes of water 

have been displaced. In some cases the well may be bailed dry 

due to slow infiltration. 

o   Following evacuation, wells will be allowed to recover prior to 

sampling. 

o   Depth-discrete samples will be obtained utilizing a Kemmerer- 

type sampler constructed of inert materials to minimize the 

potential for sample contamination.  If well conditions do not 

permit the use of a Kemmerer sampler then a Teflon bailer will 

be used* 

o   Samples must be transferred to sample jars with a minimum of 

agitation and disturbance in order to prevent stripping 

volatile organics from the water sample. 

o   All sampling equipment will be thoroughly cleaned prior to the 

start of work and between wells. 

o   Upgradient wells will be sampled first in order to minimize 

possible transfer o£ any contaminants among the wells. 

o   All samples will be chilled during transportation and storage. 
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3.2 Chain of Custody 

Chain of custody documentation must accompany all samples. The 

chain of custody records will contain, at a minimum, the following infor- 

mation: 

o   Time, date, and location of sampling, and name of person 

performing sampling; 

o   Number, depth, and type of sample; 

o   Conditions encountered during well evacuation and water sam- 

ple collection; 

o   The signature of the responsible on-site hydrogeologist, and 

the time and date he relinquished the samples to either the 

field laboratory technician or the transporter who will deliver 

samples to the analytical laboratory. 

3.3 Analytical Quality Control for Groundwater Samples 

In addition to the general QC procedures described above, specific 

QC procedures and criteria are associated with groundwater analyses.  These 

are described below. 

3.4 Purgeable Aromatics 

Purgeable aromatics in the groundwater samples will be determined by 

a purged-cryotrap GC/PID method similar in some respects to EPA Method 602. 

Quality control procedures for this method are based on recommended procedures 

for Method 602 analyses. 
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3.5 Acceptability Tests 

Section 8*2 of Method 602 describes the procedures for demonstrating 

ability to generate data of acceptable precision and accuracy.  Briefly, this 

involves quadruplicate analyses of reagent water spiked with a "quality 

control check sample concentrate" and a "surrogate standard." Average percent 

recoveries and standard deviations are then calculated for each compound and 

compared to EPA values (Table 2, Method 602) to determine acceptability. 

These data should be available for inspection, but the acceptability test need 

not be repeated specifically for this project. 
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4.0 QUALITY CONTROL PROCEDURES FOR AIR SAMPLING AND ANALYSIS 

Based upon the sampling scheme as discussed in the Statement of 

Work, air samples will be collected from: 

o   JP-4 Suspected Underground Line Leak. 

Analytical mehtods for air samples are described below.  Field collection 

procedures are described below and in Table 2-2. 

4.1 Canister Sampling 

Ambient air samples are collected in evacuated stainless steel 

canisters.  The canisters are 2.8 liter stainless steel spheres fabricated 

with stainless steel valves and fittings.  The canisters are oven-baked, 

purged, and evacuated in the laboratory prior to sampling, and the absolute 

pressure is recorded.  The canister vacuum provides the motive for vapor 

collection, avoiding the possible adverse effect of a pump on the sampling 

system.  The sample is collected by connecting the canister to a sampling line 

and opening the valve.  A sample of approximately 2 L (a canister volume =2.8 

liters) is collected, and the canister valve is closed. 

After completion of the sampling, all canister valves are tightened 

and stem nuts sealed with Swagelock plugs and the canister is shipped to 

Austin. 

4.2 Canister Analysis 

When received by Radian personnel at Radian's Austin laboratory, 

each stainless steel canister will be assigned a code number and logged into a 

computerized master log.  The final pressure will be read and recorded on the 

sample chain of custody form before pressurizing the canister with ultra high 

purity nitrogen (UHP N ) to 10-15 psig.  The final pressure is then measured 
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and recorded.  Nitrogen is added to the canisters to provide positive pressure 

for removing the sample. 

To achieve the desired detection levels, volatile organic species 

are separated from the ambient air matrix and concentrated.  This is accom- 

plished by passing the canister air sample through a Perma-Pure drying tube to 

remove water vapor and then through a trap cooled in liquid argon.  The amount 

of sample passed through each trap varies depending on the levels of hydro- 

carbons which are present.  Normally, a volume of 500 mL is used.  The volume 

of sample passed through the traps is collected in a fixed volume reservior, 

and the pressure drop is measured and recorded with a high precision pressure 

gauge.  When the desired volume of sample has been passed through the traps, 

khydrocarbon species are desorbed directly onto the analytical columns by 

heating the traps to  100 C while backflushing with carrier gas. 

All analyses are performed on a Varian 3700 GC.  Volatile organic 

species are separated onto two 60 m SE-30 fused silica capillary columns.  The 

VOC's from the column are eluted into a flame ionization detector (FID) which 

detects and quantitates hydrocarbon species.  The Chromatograph output is 

monitored for 40 minutes, or until no peaks are observed.  The VOC's from one 

column are passed through a fused silica splitter which is connected to both a 

flame ionization detector (FID) and a photoionization detector (PID).  The FID 

is used to detect and quantitate hydrocarbon species.  The PID is used to 

generate toluene normalized response (TNR) factors for the components of 

interest, providing additional qualitative information. 

The VOCs from the second columln are analyzed by a Hall Electrolytic 

Conductivity Detector (HECD) operated in the halogen mode.  This provides 

specific detection of halogenated VOCs which may not have otherwise exhibited 

adequate response characteristics on the FID/PID. 

The output from the gas chomatograph will be processed with a Varian 

401 Chromatographie Data System (CDS).  This CDS provides peak areas and 

1 
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retention times.  A second data system, Apple II Plus microcomputer, will be 

used to ildentify peaks on the basis of retention times and to compute quanti- 

tative results by comparing peak areas with a previously established standard 

response. 

When a VOC is identified on both the UECD and F1D/PID, the HECD Con- 

centration value will be reported.  When a halogenated VOC is identified by 

FID/PID, but not confirmed by HECD, it will be reported as an unidentified 

VOC. 

The list of hydrocarbon species on file in the data system is given 

in Table 1.  Detection limit information is also provided in Table 1.  Species 

that cannot be identifed are quantitated and listed as "unidentified". 

4.3      Chain of Custody 

Chain of custody documentation must accompany all samples.  The 

chain of custody records will contain the following information: 

o   Time, date, and location of sampling, and name of person per- 

forming sampling. 

o   Number and type of sample. 
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TABLE 1.  VOLATILE ORGANIC COMPOUND DATA BASE1 

Alkanes 

C-2 VOC 
C-3 VOC 
Isobutane 
r^-Butane 
Neopentane 
Isopentane 
r^-Pentane 
Neohexane 
Cyclopentane 
2,3-D-imethylbutane 
Isohexane 
3-Methylpentane 
r^-Hexane 
Methylcyclopentane 
2,4-Dimethylpentane 
Cyclohexane 
Isoheptane 
2,3-Dimethylpentane 
3-Methylhexane 
2,2,4-Trimethylpentane 
n_-Heptane 
Methylcyclohexane 
2,5-Dirrethylhexane 
2,3,4-Trircethylpentane 
3-Methylheptane 
2.3,5-Trimethylhexane 
n_-0ctane 
n_-Nonane 
n_-0ecane 
n-Undecane 

Alkenes and Alkvnes, Cont 
i- 

cis-2-Pentene 
2-Methyl-2-butene 
Cyclopentene 
4-Methyl-l-pentene 
cis-4-Methyl-2-Pentene 
trans-4-Methy!-2-Pentene 
2-Methyl-l-pentene 
1-Hexene 
2-Ethyl-l-butene 
2-Methyl-2-Pentene 
trans-2-Hexene 
cis-2-Hexene 
cis-3-Methyl-2-Pentene 
Methlcyclopentene 
Cyclohexene 
1-Heptene 
3-Heptene 
2-Heptene 
2,4,4-Trimethyl-1-pentene 
2,4,4-Trimethy1-2-pentene 
1-Methyl eyelonexene 
1-Octene 
cis-2-0ctene 
l-.Nonene 
4-Nonene 
i-Pinene 
£-Pinene 
1-Oecene 
Limonene 
1-Undecene 

Alkenes and Alkvnes Aromatics 

Isobutene 
1-Butene 
1,3-Butadiene 
trans-2-Butene 
1-Butyne 
cis-2-Butene 
3-Methyl-l-butene 
1-Pentene 
2-3utyne 
2-Methyl-l-Butene 
Isoorene 
trans-2-Pentene 

Benzene 
Toluene 
Ethylbenzene 
£-Xylene 
m-Xylene 
Styrene 
O-Xylene 
Isopropylbenzene 
n_-Propy 1 benzene 
m-Ethyltoluene 
p_-Ethyl toluene 
1,3,5-Trimethylbenzene 

Continued 
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TABLE    1.       VOLATILE ORGANIC COMPOUND DATA BASE1,  Cont 

Aromatics, Cont. 

o-Ethyltoluene 
trans-Butylbenzene 
1,2,4-Trimethylbenzene 
Isobutylbenzene 
1,2,3-Trimethylbenzene 
£-1sopropyltoluene 
In dan 
Indene 
m-Diethylbenzene 
n-Butylbenzene 
£-Diethylbenzene 
Naphthalene 

Halogenatic 

Chloromethane 
Vinyl chloride 
Bromomethane 
Chloroethane 
Trichlorofluoromethane 
1,1-Dichloroethylene 
Methylene chloride 
trans-1,2-Dichloroethene 
Chloroform 
1,2-Dichloroethane 
1,1,1-Trichloroethane 
Carbon tetrachloride 
1,2-Dichloropropane 
Trichloroethylene 
Bromodichloromethane 
Bis(chloromethyl) ether 
cj_s-l ,3-Dichloropropene 
trans-1,3-Dichloropropene 
1,1 ,2-Trichloroethane 
Dibromochloromethane 
Tetrachloroethylene 
Chlorobenzene 
1,1 ,2,2-Tetrachloroethane 

Halogenatic, Cont. 

g_-Chlorotoluene 
nv-Chlorotoluene 
£_-Chlorotoluene 
Bis(2-chloroethyl) ether 
m_-Dichlorobenzene 
g-Dichlorobenzene 
Oj-Di chlorobenzene 

Oxygenated Compounds2 

Acetaldehyde 
Methanol 
Propionaldehyde 
Acetone 
Ethanol 
Diethyl ether 
2-Propanol 
Isobutyraldehyde 
1-Propanol 
Butyralcehyde 
Butanone 
Isovaleraldehyde 
2-Pentanone 
1-Butanol 
Valeraldehyde 
3-Pentanone 
1,4-Dioxane 
Bis(Chlorometnyl) ether 
MethylisobutyIketone 
Hexanal 
Bis(2-chloroetnyl) ether 

The detection limit for these compounds is 1.0 cpbV-C for a sample 
injection volume areater than 500 mL and a dilution factor greater 
than 0.45. 

This method has not been fully validated for these compounds. As a 
result, these compounds are identified and reported, but their con- 
centrations are not used in the total non-methane hydrocarbon calcu 
lation. 
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RADIAN 
THE QUALITY ASSURANCE/QUALITY CONTROL PROGRAM 

FOR RADIAN ANALYTICAL SERVICES 

Radian Analytical Services' (RAS) objective is to provide high 

quality chemical analyses to all clients regardless of the size of the 

analytical task.  To aid in achieving this goal, a strong quality assurance 

program and rigid quality control practices are integral parts of all 

analyses.  This document describes these quality assurance/quality control 

protocols for the Radian Analytical Services laboratories. 

The basic quality control program includes procedures for sample 

handling, calibration, spiking and replicate analyses, analysis of OC test 

samples, equipment maintenance, and supplies control.  These procedures can 

be integrated wich a client's additional requirements, such as spiking 

studies, analysis of replicate samples, linearity determinations, and 

stability studies. 

The quality assurance program consists of the frequent submission 

of blind QA samples, duplicates, and spiked sample splits.  Also included 

are personnel training, analytical methodologies, sample control procedures, 

data handling, and equipment maintenance and calibrations. 
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1.0 QA Organization/Policv 

The objective of Radian's quality assurance/quality control program 

is to assure, assess, and document the precision, accuracy, and adequacy of 

data obtained from chemical analysis and to assure the technical accuracy of 

the results obtained for all samples. 

Radian has organized the quality assurance function wichin the 

company to allow complete independence of program review.  Radian's Quality 

Assurance Director reports directly to the Vice President of the Technical 

Staff.  This position provides independent reviews at all levels of the 

technical staff and laboratory organization and allows immediate access to 

Radian's top management on QA-reiated matters. 

The QA Director's involvement may be limited to a review of quality 

control practices or as extensive as active development and implementation of 

quality control procedures and statistical data analysis.  The QA Director may 

be asked to contribute expertise and assistance when a need is perceived by 

either the client, the technical staff, or the management staff. 

Because of the large number of samples analyzed by RAS, a OA coordinator 

has been assigned to monitor and maintain an effective QA/QC program for these 

laboratories.  The RAS Quality Assurance Coordinator, directly responsible to 

the Corporate QA Director, serves as an independent auditor of all RAS labora- 

tories.  The responsibilities of the RAS QA Coordinator are as follows: 

• Monitor QA/QC within RAS laboratories, 

• Supervise the preparation of blind audit samples, 
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• inform ehe Director of RAS and Che corporate QA Director of 

quality assurance problems, 

• summarize and report QA activities in the laboratories, 

• document all QA and QC procedures within RAS, 

• act as liaison between the corporate QA Director and RAS, 

• provide QA data to the corporate QA Director for inclusion in 

the corporate QA reports. 

The RAS laboratory managers function as the quality control coor- 

dinators in each particular analytical area. Their efforts are coordinated 

and monitored by the QA Coordinator. 

Quality control coordinators serve as a focal point for all OC 

activities pertaining to each RAS laboratory.  They work as a committee 

coordinated by the RAS Quality Assurance Coordinator.  Their activities 

include the following: 

• monitor the QA/QC activities of the laboratory area, 

• inform the Director of Analytical Services and the QA coor- 

dinator of QC problems and needs. 

• summarize, document, and report quality control activities 

and data generated in the laboratory, 
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provide documentation of all QC procedures in the laboratory, 

maintains summaries of QC activities and data in a form 
suitable for client review upon request. 

2.0      Quality Control for laboratory Analyses 

Radian Analytical Services has developed and Implemented quality 

control procedures for all of the analyses performed in the laboratory.  The 

laboratory quality control program provides an effective and efficient laboratory 

protocol for QC regardless of the size or scope of the analytical requirements. 

Approved analytical methods are used whenever available. When approved methods 

are not available, a method is developed by the Radian technical staff, and 

a technical note written describing the method.  The quality control procedures 

are designed to insure that the standard operating procedures and quality control 

protocols are being followed and accurate results are obtained. 

The general quality control program utilized in each laboratory 

includes consideration of the following areas: 

personnel training and certification, 

analytical methodology documentation, 

sample handling and control, 

laboratory facilities and equipment, 

calibration and standards, 

data handling and documentation, 

quality control check samples, 

The general approach to quality control in each of these areas 

is discussed in the remainder of this section. 
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2.1      Personnel Training and Certificatim 

The successful implementation of any QA/QC program is determined 

by the training and dedication of the laboratory personnel.  The quality and 

consistency of data should be independent of the analyst.  With the proper 

training and supervision, an analyst will be able to obtain quality data by 

the use of proven raechodology.  Periodic assessment of training requirements 

and certification are performed to maintain a high level of laboratory avare- 

ness. 

The training and certification methods employed in the RAS laboratories 

are briefly described below: 

• study of laboratory standard operating procedures, 

• study of QA manual, 

• observation of experienced operators/analysts, 

• study of operating manuals, 

• instruction by the laboratory manager on all aspects of the 

analysis, 

• perform the analysis under the direct supervision of the 

laboratory manager, 

• perform analysis under supervision of experienced personnel, 

• analysis of blind QC samples prepared by laboratory QC  coor- 

dinator, 

• participation in in-house seminars on laboratory methods and 

procedures. 
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PERSONNEL TRAINING RECORD 

Employee 

Employee Number 

Dace of Employment 

Laboratory Orientation: 

Upon completion of each phase of personnel training the employee 
and Laboratory Manager will initial and date the step completed. 

•   The RAS laboratory Standard Operating Procedures have 
been read and understood. 

Employee Lab Mgr.  Date 

The RAS Quality Assurance manual has been read and 
the procedures for the laboratory in which the employee 
worker have been explained. 

Employee Lab Mgr.  Date 

• Operation manuals for instruments with which the 
employee performs analyses have been studied and 
the procedures for operation and maintenance are 
understood. 

Instrument Employee Lab Mgr.  Date Instrument Employee Lab Mgr.  Date 

Figure 2-1 
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Test Specific Training: 

Each specific  test  performed  in the RAS laboratories   involves 
procedures which may be unique.     The steps involved  in training an employee 
are: 

Instruction by the Laboratory Manager on all aspects 
of  the analysis, 

Observation of experienced operators/analysts, 

Perform the analysis under  supervision of  the laboratory 
manager, 

Perform analysis of QA samples submitted by the QA 
coordinator,  and 

Participation  in  in-house  seminars on laboratory 
methods and procedures. 

'he  following  table  is  to be completed by dating and  initialing 
by the  employee and Laboratory Manager upon completion of each step. 

Perform the    Analysis of 
Method Instruction Observation Analysis QA samples       Seminars 

Figure 2-1.   (Cont'd) 
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All RAS personnel must complete a quality control training program. 

This system includes motivation toward producing data of acceptable quality 

and involves "practice work" by new employees.  New personnel are made aware 

of the quality standards established by RAS and the reasons for those standards. 

They are made aware of the various ways of achieving and maintaining quality 

data.  After an employee has been trained to use a method and the work validated 

by the laboratory manager, the employee is certified to perform the analysis. 

As these people progress to higher degrees of proficiency, their accomplish- 

ments are reviewed and then documented.  Documentation of proficiency training 

is maintained by the QC Coordinator for each laboratory technician using the 

two-page form shown in Figure 2-L. 

2.2 Analytical Methodologies 

All analytical procedures followed in the RAS laboratories are docu- 

mented in a methods manual for the specific laboratory.  A set of standard 

operating procedures (SOP) has been established for each analysis to insure 

consistency.  Most methods used arf directly from an approved analytical manual, 

e.g., EPA methods, APHA Standard Methods for Water and Wastewater, ASTM, etc. 

Methodologies may contain the following information: 

method title, 

scope of method, 

summary of interferences, and applications, 

concentration ranges and detection limits, 

safety precautions, 

required equipment and materials, 

standardization directions, 

detailed analytical procedure, 

calculations, with examples, 

reporting method, 

precision and accuracy statement, 

references. 
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2.3      Sample Control and Record Keeping 

The Radian Analytical Services Sample Control Center is a controlled 

access area.  Only employees of the Sample Control Center have access to 

sample receiving, sample storage, documentation files, and the computer 

terminals.  Analysts check out samples under the supervision of the sample 

control personnel.  All samples are stored in locked storage areas.  Sample 

tracking is maintained by a computerized laboratory management system and 

a sample checkout logbook.  The RAS Sacramento laboratory is linked to the 

central processing unit of the computer in Austin via a dedicated phone line. 

This insures that the laboratories are in constant communication.  All sample 

information and data entries can be immediately accessed at either location. 

Detailed record keeping and control of samples are essential for 

effective laboratory operation.  All samples received for analysis in the 

Radian Analytical Service laboratories are processed through the Sample and 

Analysis Management System (SAM).  Radian Corporation's SAM is a software 

and hardware system for controlling and handling information for the 

analytical laboratory.  SAM provides a dynamic, easy-to-use method for 

tracking, scheduling, reporting, and laboratory management.  The system 

has been designed to accommodate and promote good laboratory management 

practices by providing high visibility of the information laboratory 

managers need to make good decisions regarding schedules and priority.  The 

system is designed around a Data General Nova-IV computer with a 64K-byte 

memory.  It also includes a 65M-byte disk, drive and a line printer with 

plotting capabilities.  Data is entered via a TEC terminal and CRT.  All 

data stored on the disk is backed up on magnetic tape to prevent loss in 

the event of a system malfunction.  The system is designed so that an 

individual designated as the principal operator can process the required 

paperwork for a large laboratory with little difficulty.  The approach 

centralizes information input and data retrieval, and provides the mechanism 

for organized, up-to-date laboratory performance monitoring. 
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SAM maintains complete client information files, generates laboratory 

status reports, flags sample analyses which are overdue, accepts analysis 

results manually or automatically, and generates reports and invoices. 

The  Sample Control Center and SAM have six basic functions: 

sample receipt and logging, 

sample storage and maintenance of sample integrity, 

laboratory status reporting, 

document control, 

data compilation and reporting, and 

invoicing 

In order to assure the integrity of a sample and the accompanying 

documentation, a security plan has been established. This plan consists of 

three parts: 

• chain or custody, 

• secured refrigerated storage, and 

• document control. 

The progression of samples and documentation through the Sample Control Center 

and the analytical laboratories is presented in Figure 2-2.  Detailed des- 

criptions of each sample control function are presented below: 

• Samples are received from the commercial carrier at Radian*s 

shipping and receiving facilities by the receiving clerk. 

• Within one hour of arrival, the samples are accepted by RAS 

sample control personnel. 
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• All shipping containers and security seals, when appropriate, 

are inspected for physical damage or evidence of tampering. 

• The samples are unpacked in the sample receiving area by the 

RAS sample custodian.  The method of shipment, shipping con- 

tainer integrity, condition of samples, the number of samples/ 

container, integrity of the security seal, and accompanying 

documentation are noted.  Sample identification is verified 

against custody documents.  The enclosed chain-of-custody 

forms, Figure 2-3, when required, are completed and filed 

with the shipping and receiving documentation.  In the event 

that peculiarities are noted, the project officer or client 

is immediately advised of the irregularity. 

• Samples are logged into a bound sample logbook, Figure 2-4. 

Again, sample identity is verified.  All discrepancies are 

noted in the logbook. 

• The handwritten logbook and all documentation are transferred 

to the Sample Control Center. 

• The samples are logged into the SAM system.  Each batch of 

samples is assigned a consecutive work order number by the 

system.  Analytical requirements for each sample are entered 

into the computer. 

• Hard copy of the work order and other information is printed 

and filed with the received documentation in the Sample Control 

Center. 

• Labels are printed and secured to each sample.  Label infor- 

mation includes sample number, identification, storage loc- 

ation, and analytical requirements. 
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Company Samplad/Addrass 
Sample Point Description  

Stream Characteristics: 
Tamparatuni  
Visual Observations/Comments 

CHAIN OF CUSTODY RECORD 

Fiald Sampia No. 

Row PH 

Collector's Nimt  
Amount of Sampia Coilactad 
Sampia Description  

Data/Tlma Samplad 

Stora at:    Z Ambiant    Z 5*C    Z - 10#C    Z Other 

Z Caution • No mora sampia available   _ Ratum unuaad portion of sampia — Discard unuaad portions 

Othar Instructions • Spacial Handling - Hazarda  

Hazardous sampia (saa balow) 

Toxic Z Skin irritant 
Pyrophoric Z lachrymator 
Acidic G Biological 
Cauatic Z Paroxida 
Oth*r 

Z Non-hazardous sampia 

Z Rammabla(FP< 40QC) 
Z Shock sansitlva 
Z Carcinoganic • suspact 
Z Radioactlva 

Sampia Allocation/Chain of Poaaasaion: 
Organization Nama  
Racaivad By  
Transported By  
Commanta  
Inciuaiva Dataa of Poaaaaaion 

Organization Nama 
Racaivad By  
Tranaportad By  
Commanta  
Inciuaiva Data* of Poaaaaaion 

Organization Nama 
Racaivad By  
Tranaportad By  
Commanta  
Inciuaiva Dataa of Poaaaaaion 

Data Racaivad 
Lab Sampia No. 

Data Racaivad 
Lab Sampia No. 

Data Racaivad 
Lab Sampia No. 

Time 

Tlma 

Tlma 

Figure 2-3.     Chain or Custody Aecord 
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Company^ 
Facility" 

Rep^ 
Phone_ 

Report^ 
CO 

AC en 

Inv^ 
to 

ACtn 
P.O. #" 

Expires 

Lab No 

Quoted $ —  Contact , 
Sample $ Received 
Misc $ Dace Due 
Total $ Samples 
Inv by (CPR) Keep for 
%  Surcharge Keep til 
X  Disc: All 

# Reporcs 

Disp (RD) 

&  Invoices 
Work ID 

Taken 
Trans 
Type 

Condition 
Comments: 

Location: 

Dash No. Sample Description Analysis Required <?A 

1 

Figure  2-4. Sample Log Sheet 
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• Data sheets and work sheets are printed for each batch of samples 

and distributed to the appropriate laboratory managers.  The 

work sheets list sample numbers, sample identification, storage 

location, and analytical requirements.  Data sheets are for 

results and contain only the parameters to be determined by a 

given laboratory. 

• Following sample logging, the samples are placed in the desig- 

nated locked storage area. 

• Subsequent sample custody is documented and all transactions 

witnessed by sample control personnel. 

• The analyst retrieves the samples from the Sample Control Center 

by sample number and storage location. 

• The Sample checkout log (Figure 2-3) is completed by the analyst, 

noting the laboratory to which the sample is being removed. 

• After analysis, or when the required aliquot is removed, the 

sample is returned to the Sample Control Center and return is 

noted in the sample checkout log. 

• The sample is returned to the designated storage location. 

• When requested, addition chain-of-custody documentation can be 

provided using a SAM-generated document (Figure 2-6).  This 

document can be retained by sample control co provide a more 

easily retrievable record of sample custody within the analytical 

laboratory. 

• The sample is stored until the assigned time or written permission 

is given to either properly dispose of or return the sample to 

the client. 
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• All documentation, including shipping documents, field sampling 

• documents, computer-generated log sheets, chain-of-custody 

forms, laboratory data sheets, final computer reports, and other 

documents, are maintained in the sample control area.  All 

reports are kept in locked filing cabinets. As with the sample 

storage area, the document storage area is limited-access. 

All storage areas are within the Sample Control Center and are 

locked when not in use.  Access to the storage area is limited to sample control 

personnel or other RAS employees accompanied by sample, control personnel.  There 

are four storage locations that are used depending on the sample and the required 

analyses.  They are: 

• ambient storage for samples that do not require refrigeration, 

• 4 C storage for most samples requiring water quality analysis 

and extractable organics, 

• 4 C storage for samples requiring volatile organic analysis, and 

• -20 C storage for extracts and samples chat require freezing. 

A temperature log is maintained to monitor the cold storage facilities. 

2.4      Laboratory Facilities and Equipment 

A clean well-lighted, and well maintained laboratory is essential 

for accurate analytical results.  Each laboratory is well-lighted, air 

conditioned and equipped with chemical fume hoods.  Instrumentation that may 

emit noxious odors is vented externally. 
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Quality Control of Equipment and Supplies 

Each laboratory QC program includes detailed requirements for 

equipment and supplies.  Reagents, solvents, and standards with specific 

levels of purity are used as specified by the analytical protocol.  Specific 

CC  column materials, glassware and sample handling equipment are also specified 

The quality control procedures for equipment and supplies generally include 

the following items: 

• operator checklists for required supplies, 

• documentation and reporting of all deviations from specified 

instrument performance, 

• procedures for testing for purity of reagents, 

• tolerances for calibrated glassware where applicable, 

• monitoring of refrigerated storage space, 

• maintenance logbooks, 

• service contracts on analytical instrumentation. 

Quality control procedures during sample preparation include the 

preparation of reagent or solvent blanks.  Additional quality control 

techniques implemented in sample preparation include: 

• deionized water piped into all lab/oratories, monitored daily, 

• purchasing high purity distilled-in-glass solvents in large 

quantities from a single lot, 
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• use of Ultrex acids in trace metal digestion, 

• cleaning of organic glassware with chromic acid or firing in 

a kiln at 450 C, 

• cleaning of trace metal glassware with nitric acid, 

• use of organic-free water prepared at Radian by distillation 

over alkaline permanganate under nitrogen atomsphere in all- 

glass still, 

• use of volatile-free water prepared by purging organic-free 

water with nitrogen, 

• sample preparation performed by experienced technical personnel 

under the supervision of senior level analysts. 

2.5      Quality Control for Standards and Calibration 

The quality of all test results is greatly impacted by the cali- 

bration procedures used.  Calibration procedures and standards should be 

specified for all equipment and supplies used in the test procedure. 

Traceability to common standards is essential for test procedures to be used 

in multiple laboratories.  Quality control procedures for standards and 

calibrations include the following considerations: 

• written, detailed calibration instructions, 

• preparation procedures for secondary standards, when applicable, 

• requirements for frequency of calibration, 

• recordkeeping of all calibrations and standards used. 
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• quality control charts for recording results from multiple 

calibrations, 

• evaluation of internal standards, and 

• tolerances for calibration requirements. 

All calibration standards are prepared from NBS-traceable, EPA certified, 

or primary standard materials.  Daily logs are maintained to monitor instru- 

ment response to a given standard. 

Quality Control Test Samples 

Routine quality control samples to be analyzed concurrently with 

client samples are a significant portion of the RAS laboratory quality con- 

trol programs.  The purpose of these checks is twofold:  1) to assure that 

samples being analyzed satisfy predetermined standards of accuracy, and 2) 

to measure and document achieved levels of accuracy and precision. 

There are many different types of quality control samples which 

could be used for these purposes.  The correct combination of these will 

depend on the complexity of the test method and the desired degree of 

accuracy.  The following quality control parameters are general considera- 

tions for Radian's quality control for test methods. 

Interferences 

The analytical results of a test method might be affected by 

interferences from the glassware, solvents, reagents, or the sample matrix. 

Blank samples which are subjected to conditions similar to samples being 

analyzed are used to evaluate the purity of laboratory reagents.  The fre- 

quency of blank analysis is method dependent.  For example, a laboratory or 

field blank is analyzed after each GC/MS volatile organic analysis with high 

levels for any of the pollutants.  Ten percent of the samples from a 
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given sample bacch are spiked with a known standard.  Spike recovery data 

are calculated to determine matrix interference. 

Precision 

The precision or repeatability of a test method is required for 

proper interpretation and weighting of the data.  Replicate samples or 

standards are used to determine the precision on a regular basis.  The 

precision of multiple analyses are compared against predetermined precision 

limits to determine their acceptability.  The precision is usually reported 

as a standard deviation or repeatability statistic and often depends on the 

concentration of the parameters analyzed.  Replicate analyses are defined 

as separate digestions or extractions of the same sample, when possible. 

The percentage difference or range between replicate analyses is also used 

to monitor precision. 

Reproducibility 

The reproducibility of a test method refers to the repeatability 

over a period of time.  How well will analytical results repeated a month 

later agree with today's results?  Reproducibility can be measured by the 

repeated analysis of samples from a previous time period or by analysis by 

more than one laboratory or laboratory technician. 

Qualitative Specificity 

In the analysis of complex sample matrices containing multiple 

components, the use of a single method can lead to misidentification of 

compounds.  The misidentification can be detected by repeated analysis of 

standards containing the compounds of interest or by independent analysis by 

a more specific method.  For example, mass spectral confirmation can be used 

to evaluate misidentification problems in the GC laboratory. 
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2.6      Documentation and Data Handling 

Documentation of methods, procedures, and results is an essential 

aspect of a QA/QC program. 

Adequate documentation is required for an instrument maintenance 

system.  RAS laboratories use an individual logbook, which is kept at each 

instrument, to record all calibration and maintenance activities.  This 

logbook gives a chronology of that instrument's installation, operation, 

calibrations, maintenance, malfunction, and repairs.  An accompanying binder 

includes all pertinent manufacturing information, service manuals, and 

similar reference materials. 

Directions for calibrations and maintenance, along with appropriate 

forms and checklists, are maintained in a manual accompanying the logbook. 

The directions specify the required frequency for calibrations and main- 

tenance, the tolerances for calibrations, and the action to be taken when 

calibration requirements are not met. 

In this system, there is a single source for reference purposes as 

well as record keeping.  All the instrument logbooks are reviewed periodically 

by the quality assurance coordinator and laboratory manager.  A record of these 

logbook checks is maintained by the QA coordinator. 

Work sheets have been developed to insure consistent laboratory 

data entry for most parameters determined in the laboratories.  These sheets 

are designed to organize the data in a clear and logical manner, and to 

simplify calculations.  The work sheets are divided into various sections 

including a section for reporting calibration standards and blank values 

and a section for plotting calibration curves.  These work sheets are usually 

a standard data entry form which the laboratory technician enters in his/her 

bound lab notebook.  When automated calibration is not applicable, electronic 

calculators are available in the laboratories to generate calibration curves 

by the method of least squates.  Thus errors in reading calibration curves 

and calculating data are minimized.  After an analysis 
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is completed and a data sheet filled out, the laboratory manager checks the 

data for completeness and approves the data sheet.  After the data have been 

entered into the SAM system, an updated data sheet is issued to the laboratory 

manager.  When the work is complete, a preliminary report is printed and 

distributed to the contributing laboratory managers for the final data check 

and approval.  A final report is printed, certified by the laboratory manager, 

and forwarded to the client. 

Proper documentation of quality assurance and quality control 

activities is an essential requirement.  Documentation is needed to demonstrate 

that quality control activities were completed as scheduled and to communicate 

the results of the QC tests to laboratory managers and clients.  Documentacion 

of QA results is required to provide feedback for improvement of quality 

control programs. 

Quality control documentation should be timely in order for feed- 

back to occur.  Daily reporting to laboratory managers is mandatory.  Forms 

are designed to organize the QC data in a clear and logical manner, and to 

simplify calculations.  Control charts are another excellent tool for summarizing 

quality control test results. 

As part of Radian's QA audit program weekly reports summarizinz 

audit results in the laboratories are prepared and distributed to ?C 

coordinators. 

3.0 Quality Assurance Audits 

the quality assurance audit program of the RAS laboratories is 

conducted by the RAS QA Coordinator in conjuncticn with the corporate QA 

Director.  The program consists of the following: 

•   QA standards are prepared using SPA certified standards, NBS 

standards, primary standard materials, and NBS-traceabie 

compounds.  All standards preparations are recorded in the QA 

Sample logbook (Figure 3*1). 
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Standard Ho. QAS 

QA type 

Prep date 

Standard source 

Prepared by Verified bv 

Sample matrix 

Parameters 

Preparation method Final vol 

Figur« 3-1. Standards preparation logbook 
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Prep method (con't) 

Calculations 

Sample Distribution ' 

Client Remarks Date SAM No 

Figure 3-1. (Cone.) 
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• An inventory of stock standards is maintained within the 

limits of published stability data.  This decreases the time 

required for daily standard preparation. 

• Duplicate samples are requested from clients.  These are blind 

to the laboratory and the client is not billed for the duplicate . 

• Blind QA samples are submitted through the Sample Control 

Center to all laboratories.  The parameters and concentration 

levels are selected by the RAS Quality Assurance Coordinator. 

• Laboratory managers submit, via a "QA Alert Form" (Figure 3-2 ). 

a list of the types of QA samples needed the following week. 

This insures that the parameters with which there have been 

problems are included in the sample. 

• Monthly reports are issued from the RAS QA Coordinator (Fig. 3-3) 

These are submitted to the corporate QA Director, laboratory 

managers and Director of RAS.  Managers are notified Immediately 

of major problems with the results of analysis of a QA sample. 

• The results of the program are summarized on a Quarterly basis 

for Radian's management. 

In addition to the continuous audit program, provisions for third 

party review are made with each client's work.  Radian Analytical Services 

welcomes onsite audits, performance samples, and independent evaluations. 

F-47 



VT "^F-^^^^^^BP 

RADIAN 
QA ALERT FORM 

QA Standard for the week of 

NP0E5 
Form A water   
Form B water   

metals   
Form C water   

metals   
organics 

TOC TOX 

Matrix requirements 

Concentration requirements: 

RCRA metals pesticide 
amons   

herbTcide 

EPA 601 
602 _ 

624 
625 _ 

B/N _   Acids _  A/N _ 

MS VOA _   GC VOA _ 

PCB _ 

»ments: 

Special Standards/Instructions Individual Parameters 

Date Mgr 

Figure 3-2.  QA alert form 
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ANALYTICAL SERVICES 
MONTHLY QA REPORT 

QA prep report for the month of 

Order  So. Lab   Parameter 
Certified  Analyzed      I     Dace 

Value      Value   Recoverv Reoorte 

Figure 3-3.    Monthly QA Report 
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3.1      Data Review and Validation 

All analysis results are entered into the SAM computer system. 

Following completion of the analyses, a preliminary report is printed and 

returned to the appropriate laboratory manager for review and validation.  A 

final report is printed after the certification by the manager.  This report 

is signed and approved by the laboratory manager before being forwarded to 

the client.  The following diagram (Fig. 3-u) illustrates the data flow for 

a typical sample analysis. 

Upon completion of the analysis and before the final data are issued, 

the results of the QA audit samples are compared to the certified values. 

These results are plotted on control charts.  Separate control charts are 

maintained tor each analysis.  If results are outside the accepted control 

limits, the analytical results are held until the problem is resolved. 

3. Z Control Charts 

Quality control charts are maintained for both accuracy and pre- 

cision.  Both charts are structured as shown in Figure 3-5.  The main portions 

of the chart are the center line and the two control limits.  The center line 

is the 100* or total recovery/total agreement of analytical results.  The 

upper and lower control limits are calculated from historical data. 

Control charts for accuracy are constructed as follows: 

Precent recovery of standards (P-^.) 

analvzed value 
P-T • 100 x certified value 
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Figure   3-4.    Data  Flow 
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130 

120 UCL 

110 - 

100 

90 

80 
LCL 

70 

Sample No 

Figure  3-5.        Control Chart 
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Percent recovery of spikes in samples (PSP)
: 

P$p - 100 x 
analyzed value - background value 

spike 

From a sec of analyses, the average percent recovery (?) 

n 

V P, 
i«l 

n 

The standard deviation for percent recovery (SR) 

I n-   I >i 
i*l i-1 

n-1 

The upper and lower control limits are therefore 

UCL - P + 3S R 

LCL - P - 3S R 

An analysis is out of control when either of the two conditions apply: 

1) Any results outside the control limits 

2) Seven successive results on the same side of the control line. 

Control charts for precision are also constructed.  Precision is a 

function of the concentration range of the analyte'. The closer the result 

is to the analytical detection limit, the more imprecise the data become 

on a percentage scale.  Figure 3-6 illustrates the relationship between 

detection limit and precision for a typical methodology.  Because of this 

concentration dependence, precision control charts need to be developed tor 

specific concentration ranges for each analyte.  For duplicate samples A and 3 

the ratio of the values of A and B are plotted. 
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RSD 

:oo- 

90- 

80- 

70- 

60 J 

50 

40 -i 

30 

20- 

10 - 

0.2   2     4 
!        I 
8    10 20 30 

11 
Multiple of  detection  limit   fDL) 

Figure   3-6.    Relationship between Detection Limit  and  Precision 
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3.3      Concurrent Review 

Upon review of analytical results of OA audit samples, the OA 

Coordinator will schedule a meeting with the laboratory manager if there 

are any tests out of control or which are deviant from an expected precision/ 

accuracy norm.  The purpose of this meeting is to: 

• review raw data and determine if there is an 

explanation for the deviance. 

• outline analyses of quality control and/or quality 

assurance samples to further define the problem 

and its solution. 

• establish a schedule for monitoring the analysis 

after a solution is implemented, to assure that the 

problem does not recur. 

Involvement of the laboratory manager in the problem assessment and solution 

is essential to a mutual committment to a quality analytical laboratory. 
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CHAIN OF CUSTODY RECORD 

Field Sample HO.AD26 -AifyCfD 

Company Sampled/Address    (./ fi&EL      4^'^/L^ 4St& 
Sample Point Description     ta&jz-Afr-tJLr l£i£ 

ä£& T 

Stream Characteristics: 
Temperature  Flow pH 
Visual Observations/Comments 

% Date/Time Sampled 3/Z.o/y^ Collector's Name 73 'ayy^ 

Amount of Sample Collected    A^ry/^Oü^/   f ?^-l/o# l/JiUs 
Sample Description   ^T^u^cf CO^fe^,  

Store at:    D Ambient    &i°C    D - 10°C    D Other 

Caution * No more sample available  D Return unused portion of sample D Discard unused portions 

Other Instructions • Special Handling • Hazards 

Hazardous sample (see below) 

Toxic U Skin irritant 
Pyrophoric Lachrymator 
Acidic Biological 
Caustic Peroxide 
Other 

j Non-hazardous sample 

Flammable <FP< 40°C) 
Shock sensitive 

Ü Carcinogenic • suspect 
Radioactive 

Sample Allocation/Chain of Possession: 
tAAJAw Organization Name 

Received 
Transported 
Comments 

By_^Ul^uTX(A 
ed By     J Wg M 

Inclusive Dates of Possession 

Organization Name  
Received By  
Transported By  
Comments  
Inclusive Dates of Possession 

Organization Name 
Received By  
Transported By  
Comments  
Inclusive Dates of Possession 

Date Received   ±M  St Time   li 2i 
Lab Sample No.    zfc22a&2 "U 

Date Received 
Lab Sample No. 

Date Received 
Lab Sample No. 

Time 

Time 

G-2 



*¥ *m 

AT I ON 

CHAIN OF CUSTODY RECORD 

Company Sampled/Address       CJS^ p 

Sample Point Description     (Sw^^o<t-    ^*J5 

Field Sample No.    /? D*f$-d}3 Cy 

f7 t-M^Tsi-*^ ^< j, 

Stream Characteristics: 

Temperature  Flow pH 

Visual Observations/Comments 

r's Name      ^JO^L^- F**+ tX- Date/Time Sampled        3/?-//<*><*< 
of Sample Collected     ^fl-^*f/    / - S~OOsn / j  2-  -<?Os-/  

Collector 

Amount 
Sample Description       CT/*-on-*~t\. ^Qc^T^t, 

Store at:        Ambient     ^°C     i   - 10°C        Other 

Caution • No more sample available       Return unused portion of sample      Discard unused portions 

Other Instructions • Special Handling   Hazards tr*^°e^^ ST'PHSJAM,  

Hazardous sample (see below) 

Toxic 

Pyrophoric 

Acidic 

Caustic 

Other  

Skin irritant 

Lachrymator 

Biological 

Peroxide 

Non hazardous sample 

Flammable (FP< 40°C) 

ShocN sensitive 

Carcinogenic   suspect 

Radioactive 

Sample Allocation/Chain of Possession: 

Organization Name     NAAJAU  

Received By ^^jJ^Mk 

Transported By  

Comments  

v*£ z3 
Inclusive Dates of Possession 

Organization Name  

Received By  

Transported By  

Comments  

Inclusive Dates of Possession 

Organization Name  

Received By  

Transported By  

Comments  

Inclusive Dates of Possession 

  Date Received   3 JA it Tima    ^   \ 

Lab Sample No.   f£l£ 2&2J&  

Date Received 

Lab Sample No. 

Date Received 

Lab Sample No. 

Time 

Time 

0-1 



^r ^^ 

CHAIN OF CUSTODY RECORD 

Field Sample No. /? Q fj ?-^4<T, 

Company Sampled /Add ret»      US'? f*       S^^j^h^^r^y   #-^13 

Sample Point Description      C&ZQ. k*f*.   ++Z. pQ£-  

Stream Characteristics 

Temperature  Flow pH 

Visual Observations/Comments 

/Ü Date/Time Sampled      3 /*-/ /%* Coileclof s Name u> <hfibf=dl 
Amount ot Sample Codec 

Sample Description ir^-po—«cfc- ZA)C-^^I 

Store at:        Ambient     i^S*C - 10°C        Other 

£*^-f,    /-SOOW.j   Z   -</QSH/ 

Caution - No more sample available       Return unused portion ot sample      Discard unused portions 

Other Instructions  Special Handling   Hazards    ^^JCAJQ^W  /fAy/frd  

Hazardous sample (see below) 

Toxic 

Pyrophonc 

Acidic 

Caustic 

Other  

Skin irritant 

Lachrymator 

Biological 

Peroxide 

Non-hazardous sample 

Flammable (FP< 40°C) 

Shock sensitive 

Carcinogenic • suspect 

Radioactive 

Sample Allocation /Chain 91 Possession: 

Organization Name 

Received 

Transported 

Comments 

By_   QÜUXMXk 
•d By     ' ;   g Q 

Inclusive Dates ot Possession 

Organization Name  

Received By  

Transported By  

Comments ,  

Inclusive Oates of Possession 

Organization Name  

Received By  

Transported By  

Comments  

Inclusive Dates of Possession 

Date Received   £l£2 St      Time 2 2d 
Lab Sample No.    5tt 3AL& -% 

Date Received 

Lab Sample No. 

Date Received 

Lab Sample No. 

Time 

Time 

G-4 . 



wr ^ «V 

CHAIN OF CUSTODY RECORD 

Field Sample No. /JQSI (£§& %*) 

Company Sampled/Address. 
Sample Point Description      Co^eJ^<x^    *£& 

C/S/P/z      ^e/vyrfar**  &2& 
/^<M*~ 77z&-4>f^ 

fc 
Stream Characteristics: 
Temperature  Flow pH 
Visual Observations/Comments 

a Collector's Name   /ikj&klk^A Date/Time Sampled 3/^1 /<?Y 
Amount of Sample Collected £zA>*ätftZ-j    /~ s~p)**/ ^   3 -  V"Q*/    Üd4   u.^L^ 
Sample Description        Crn-^x^—JL     ujc^tf^  
Store at:        Ambient    C5*C    D - 10°C    mother  

Caution - No more sample available  D Return unused portion of sample G Discard unused portions 

Other Instructions • Special Handling - Hazards 6//y ft,** $~-*    izdZk/**-*£-  

Hazardous i sample (see below) 

Toxic Skin irritant 
Pyrophoric Lachrymator 
Acidic Biological 
Caustic Peroxide 
Other 

Non-hazardous sample 

Flammable (FP< 40°C) 
Shock sensitive 
Carcinogenic • suspect 
Radioactive 

Sample Allocation/Cham of Possession: 
Organization Name       LldiAVX 

Cß^M Received By 
Transported By    { \tdl 
Comments 

'U. 
£ \ 

Inclusive Dates of Possession 

Organization Name  
Received By  
Transported By  
Comments  
Inclusive Dates of Possession 

Organization Name  
Received By  
Transported By  
Comments  
Inclusive Dates of Possession 

 Date Received  ~Lls3 ^^ 
Lab Sample No.     jJÜtEJ&S If 

Time 

Date Received 
Lab Sample No. 

Date Received 
Lab Sample No. 

G-5 

Time 

Time 

i 

i •• 



ill        i*    i in  •a^jai 

CORPORATION 

CHAIN OF CUSTODY RECORD 

Field Sample No.   rj-0 0 ( 

Company Sampled/Address       /[/S^/^ ~ />e*^S tte'S?*!   /jjElzL 
Sample Point Description      CäA±E±^  — I /HoH>K- P°° f 

Stream Characteristics: 
Temperature  Flow pH 
Visual Observations/Comments 

2 '//*/&•* Jo* 
•$^ 

Date/Time Sampled Collector's Name 
Amount of Sample Collected g>-^*-evt/f*    ( $*f. 
Sample Description £o*V    —      G-/.ST £+   ß*-S 

ite/Ti 

Store at:    D Ambient    C 5°C    E^ 10°C    D Other 

u Caution - No more sample available  C Return unused portion of sample G Discard unused portions 

Other Instructions - Special Handling • Hazards //fat^dS**   //^fy/>y^J' —  

Hazardous sample (see below) 

Toxic 
Pyrophoric 
Acidic 
Caustic 
Other  

Non-hazardous sample 

[J Skin irritant 
Lachrymator 

j Biological 
Peroxide 

U Flammable (FP< 40°C) 
I Shock sensitive 
] Carcinogenic • suspect 

] Radioactive 

Sample Allocation/Chain 
Organization Name     \Ml 
Received 
Transported 
Comments 

Possession: 
Ui 

Inclusive Dates of Possession 

Organization Name  
Received By  
Transported By  
Comments  
Inclusive Dates of Possession 

Organization Name  
Received By  
Transported By  
Comments  
Inclusive Dates of Possession 

Date Received ? lc 'if Time_i! 50 
Lab Sample No.    ^%^xC'2)-Ct 

Date Received 
Lab Sample No. 

Date Received 
Lab Sample No. 

Time 

Time 

G-6 " 



TT 

CHAIN OF CUSTODY RECORD 

Field Sample No. /} 0° 3 

Company Sampled/Address      USAf^-   ^gn^S^a^n   /^g  

Sample Point Description      Ca**->t*A<~ "** I       " /^o^t ^oo /  

Stream Characteristics: 

Temperature  Flow pH 
Visual Observations/Comments 

Data/Tim« Sampled 5 //<f/fflf Collector's Name       IAJ&*>*-/v**«**^ Date/Time S 

Amount of Sample Collected Q-±<4*+X ( ^o I*c4J 
Samole Descriotion ^© */£"-* & *S -f+   j£c S Sample Description 

Store at:    D Ambient    C 5°C    ST- 10°C        Other 

Caution • No more sample available   D Return unused portion of sample D Discard unused portions 

Other Instructions • Special Handling • Hazards ^^O^w tfstyfa-ct  

Hazardous sample (see below) 

Toxic 

Pyrophoric 

Acidic 

Caustic 

Other  

Skin irritant 

Lachrymator 

Biological 

Peroxide 

Non-hazardous sample 

Flammable <FP< 40°C) 

Shock sensitive 

Carcinogenic • suspect 

Radioactive 

Sample Allocation/Chain of Possession: 

m 
11'P 

Organ 

Received 

ization Name    jlAÄÄÄM 
tea By CyQ^jySt 

Transported By 

Comments 

Inclusive Dates of Possession 

Organization Name  

Received By  

Transported By  

Comments  

Inclusive Dates of Possession 

Organization Name  

Received By  

Transported By  

Comments  

Inclusive Dates of Possession 

Date Received 2JL E Time $ 

Lab Sample No.   Sffl] 2J£&  OX 

Date Received 

Lab Sample No. 

Date Received 

Lab Sample No. 

Time 

Time 

G-7 i 



-*r 

AVION 

CHAIN OF CUSTODY RECORD 

Field Sample No. /^Q0¥ 

Company Sampled/Address    (4 ^fr^ Z   f&^$fe*• /rFB* 

Sample Point Description    £±&mA+A*~  ** ^ /^^fon. P*o j 

Stream Characteristics: 

Temparature  Flow pH 

Visual Obsarvations/Commants 

Collector's Nimt LO «y^-/^ 

Amount of Sampla Collactad             ft-i^e^f- ( 5 SfrSQ 

Sampla Description             £o?I              7^"?^    /3 ^ S 

Stora at:        Ambient    C 5°C     ^ 10°C        Other  

Dateilimt Sampled 3/ '9/3 */ 

Caution • No more sampla available     ' Return unusad portion of sampla      Discard unusad portions 

Other Instructions • Special Handling • Hazards     (ajiHttJüL &*2&**L  

Hazardous sample (see below) 

Toxic 

Pyrophoric 

Acidic 

Caustic 

Other  

Skin irritant 

Lachrymator 

Biological 

Peroxide 

Non-hazardous sample 

Flammable (FP< 40°C) 

Shock sensitive 

Carcinogenic • suspect 

Radioactive 

Sample Allocation/Chain of Possession: 

Organization Name      Jazttefl fa  

Received By     Qatj^ jQÄkkl 
Transported 

Comments 

By   QtoLLJMite&i 
edBy   2     aVT Q 

Inclusive Dates of Possession 

Organization Name  

Received By  

Transported By  

Comments  

Inclusive Dates of Possassion 

Organization Name  

Received By  

Transported By  

Comments  

Inclusive Datas of Possassion 

Date Received 2  ^   $jt      Time   S8    lL 
Lab Sample No. 'iSll&U 13 

Date Received 
Lab Sample No. 

Data Received 

Lab Sample No. 

Time 

Time 

G-8 



*r *w 

CHAIN OF CUSTODY RECORD 

Field Sample No. g Q O 7 

Company Sampled/Address      LjS&r - ^^^/^fm   dfeSS .  
Sample Point Description _    ^V*«^»-t*- *V S&&TÜI. P^x^t  

Stream Characteristics: 
Temperature  Flow pH 
Visual Observations/Comments 

Collector's Name 
Amount of Sample Collected _ 
Sample Description ^OrY 
Store at:        Ambient 

ÜlSM^l /£**•«•*_ Date/Tim 
llected ÖjA<E  ( £<>/<*() 

Date/Time Sampled ^//fföY 

%*C    *><-10*C        Other  

Caution - No more sample available       Return unused portion of sample      Discard unused portions 

Other Instructions   Special Handling   Hazards     U^ rt^fl CVAJ    /r^^/^tM  

Hazardous sample (see below) 

Toxic Skin irritant 

Pyrophoric Lachrymator 

Acidic Biological 

Caustic Peroxide 

Other 

Non-hazardous sample 

Flammable (FP< 40°C) 
Shock sensitive 
Carcinogenic • suspect 
Radioactive 

Sample Allocation/Chain of Possession: 
Organization Name    \^AXAA\*-V  
Received By .     SeQ*3§*•3et 
Transported By 
Comments  

Wl- 

Inclusive Dates of Possession 

Organization Name  
Received By  
Transported By  
Comments  
inclusive Dates of Possession 

Organization Name  
Received By  
Transported By  
Comments  
Inclusive Dates of Possession 

Date Received    3 ££>  *1        Time & J£ 
Lab Sample No.    2tt ÜLaLS   Cft 

Date Received 
Lab Sample No. 

Date Received 
Lab Sample No. 

Time 

Time 

G-9 i 



TV • " 

CO« ATlOM 

CHAIN OF CUSTODY RECORD 

Field Sample No.   rfO i 2- 

Company Sampled/Address      U4&F      fö e*s~rST22J7*  &£& ,  
Sample Point Description fosv^JjJk- +£ y^flv^rcr. J^^^C  

Stream Characteristics: 
Temperature  Flow pH 
Visual Observations/Comments 

Collectors Name     Ü) Oy+^/^Kt*-- Date/Time Sampled ?>//<f/tf*f 
Amount of Sample Collected rA.i^»-t,f   \^S' */,xJ)  
Sample Description S»/7 35^- 3 fa j /¥•       sZt-p  
Store at:        Ambient    C 5°C    S?<10oC    D Other  

Caution • No more sample available  G Return unused portion of sample D Discard unused portions 

Other Instructions • Special Handling - Hazards       ^/JE-^cK-W   /ftrj7/pzJlL  

Hazardous sample (see below) 

Toxic 
Pyophoric 
Acidic 
Caustic 
Other  

. . Non-hazardous sample 

Skin irritant Ü Flammable (FP< 40°C) 
Lachrymator [ 3 Shock sensitive 
Biological Ü Carcinogenic -suspect 
Peroxide D Radioactive 

Sample Allocation/Chain of Possession: 
UUMVV Organization Name 

Received 
Transported 
Comments 

»dBy'7     W(J 

Inclusive Dates of Possession 

Organization Name  
Received By  
Transported By  
Comments  
Inclusive Dates of Possession 

Organization Name  
Received By  
Transported By  
Comments  
Inclusive Dates of Possession 

 Date Received   0 AO   oT       Time    2 : ?c 

Lab Sample No.    '/>%• 3j\C A -C'3  

Date Received 
Lab Sample No. 

Date Received 
Lab Sample No. 

Time 

Time 

G-10 



YT ^^^^^mm 

CORPORATION 

CHAIN OF CUSTODY RECORD 

Field Sample No. J&O/*^ 

Company Sampled/Address        U5A?'   3ja^j^h^S^   $!£&  
Sample Point Description        CcruzS^rU-   ~=# / />f^fZnJPöo^ \  

Stream Characteristics: 
Temperature  Flow pH 
Visual Observations/Comments 

CoHector's Nama        U)^^^/^i 

Amount of Sample Collected &<-*«<wr 
Sample Description 5W'/        4S-~ 4^6 
Store at:    D Ambient    C 5°C    C^10°C    D Other 

/Tim* Samplad •3.//9J& t* 

&^S 

ü Caution • No more sample available   G Return unused portion of sample ... Discard unused portions 

Other Instructions • Special Handling - Hazards      a£ffi^!  /YrtJ/faJL^  

Hazardous sample (see below) 

Toxic 
Pyrophoric 
Acidic 
Caustic 
Other  

u Non-hazardous sample 

Skin irritant 
Lachrymator 
Biological 
Peroxide 

Flammable <FP< 40°C) 
Shock sensitive 
Carcinogenic • suspect 
Radioactive 

Sample Allocation/Chain of Possession: 

Organization Name    kjUtjAlQ \  
Received By ^AW^XAtllU': 
Transported By  
Comments  

m 
Inclusive Dates of Possession 

Organization Name  
Received By  
Transported By  
Comments  
Inclusive Dates of Possession 

Organization Name  
Received By  
Transported By  
Comments  
Inclusive Dates of Possession 

 Date Received   J ^0   o\ 
Lab Sample No.   4%^HC%> Qjz 

Time ^)    Zk 

Date Received 
Lab Sample No. 

Date Received 
Lab Sample No. 

Time 

Time 

G-ll i 



specirxc   concennaiwii   ian5«   ..-..   »-^.. .-  

ch« racio of ch€ values of A and B are plotted. 

F-53 

COHPOHATION 

CHAIN OF CUSTODY RECORD 

Field Sample No.  gOj£_ 

Company Sampled/Address        Cd S^p ~    &±jQM*ga,   #/*&  
Sample Point Description       ^o/^a.Ao-^ ** 2- pQ£—  

Stream Characteristics: 

Temperature  Flow -PH 
Visual Observations/Comments. 

Collector's Name        /<L^~*3- ^ 

Amount of Sample Collected 
So ,7 

QjL*hM~ (Sol? 
Date;Time Sampled 3^/z.O/^^- 

- /. s/¥- 

Date/ 
ltd) 

Sample Description 

Storeat: Ambient    .'. 5°C    l^10°C    D Other. 

Caution • No more sample available 

Other Instructions - Special Handling - Hazards 

Return unused portion of sample 0 Discard unused portions 

Hazardous sample (see below) 

Toxic 

Pyrophoric 

Acidic 

Caustic 

Other  

Non-hazardous sample 

Skin irritant 

Lachrymator 

Biological 

Peroxide 

Flammable (FP< 40°C) 

Shock sensitive 

Carcinogenic • suspect 

Radioactive 

Sample Allocation/Chain of Possession: 
Organization Name      \~k$J-(L\\.  

Received By ÖftVU ftH/lY.M 

Transported By  

Comments   
.ill 

inclusive Dates of Possession 

Organization Name  

Received By   

Transported By  

Comments  

inclusive Oates of Possession 

Organization Name  

Received By      

Transported By  

Comments  

inclusive Oates of Possession 

 Date Received   -   W   '-•/ 

Lab Sample No.    j&UääLS JJl 

Time 7C 

Date Received Time 

Lab Sample No. 

Date Received Time 

Lab Sample No. 

G-12 



•    >m 

RADIAH 
CHAIN OF CUSTODY RECORD 

Field Sample No.   4&/b> 

Company Sampled/Address      ^S^^ 3g3ggj*g]   /^/^ZS 
Sample Point Description       (^Q'-ZAJUSASL- ***• z F* CU-  

Stream Characteristics: 
Temperature  Flow pH 

Visual Observations/Comments 

Collector's Name m 
Amount of Sample Collected 
Sample Description ^<*/ i 
Store at:    • Ambient    C 5°C    ©^ 10°C 

bv^^/^2»*UL^ ^      Date/Time Sampled *>/Z-C/g^ 

Qfe^gajb  t >Sfl tSQ 
2.5-^  £t   3^5 

Other 

i 

Caution • No more sample available   D Return unused portion of sample • Discard unused portions 

Other Instructions • Special Handling • Hazards       UdkäÜ^kL  /&0C&&L  

Hazardous sample (see below) 

Toxic 
Pyrophoric 
Acidic 
Caustic 
Other  

U Non-hazardous sample 

Skin irritant 
Lachrymator 
Biological 
Peroxide 

Flammable (FP< 40°C) 
Shock sensitive 
Carcinogenic - suspect 
Radioactive 

Sample Allocation/Chain 
Organization Name  
Received By QfyVU. 
Transported By  
Comments  

Possession: 

Inclusive Dates of Possession 

Organization Name  
Received By  
Transported By  
Comments  
Inclusive Dates of Possession 

Organization Name 
Received By  
Transported By  
Comments  
Inclusive Dates of Possession 

Date Received 
Lab Sample No. I 

ft 
V  i£_Time 

AL 

Date Received 
Lab Sample No. 

Date Received 
Lab Sample No. 

Time 

Time 

G-L3 I 



••w ••R*«» 
^-m 

RADIAN 
CORPORATION 

CHAIN OF CUSTODY RECORD 

Company Sampled/Address      (d££JL    @>&*-%&to*>i gggjg 
Sample Point Description        C<SKJJU±M^ #Z. /*Gs!~ 

Field Sample No.   /4-<D 1*7 

Stream Characteristics: 
Temperature  Flow pH 
Visual Observations /Comments 

Collectors Name      [/Oay^^'Fo^^- Date/Time Sampled 3/z^^/Sf- 
Amount of Sample Collected f^u^f- ( SQ(^XX)  
Sample Description       Ss>< / S — 4-5   £-/~ 
Store at:    D Ambient    C 5°C    S/-10°C 

7^/   S 

Other 

u Caution • No more sample available   D Return unused portion of sample D Discard unused portions 

Other Instructions - Special Handling - Hazards       (dH g±j&*»*    nfty/tedl-  

Hazardous sample (see below) 

Toxic 
Pyrophoric 
Acidic 
Caustic 
Other  

U Non-hazardous sample 

Skin irritant Ü Flammable (FP< 40°C) 
Lachrymator LJ Shock sensitive 
Biological ._ Carcinogenic • suspect 
Peroxide . Radioactive 

. 

Sample Allocation/Chain of .Possession: 
Organization Name      K/A6tw/V\ 
Received By      QL&L lSL&3i£fc 
Transported By 
Comments  

m w£. 

Inclusive Dates of Possession 

Organization Name  
Received By  
Transported By  
Comments  
Inclusive Dates of Possession 

Organization Name  
Received By  
Transported By  
Comments  
Inclusive Dates of Possession 

Date Received 
Lab Sample No. 

3 äi %fc Time « ;c 

Date Received 
Lab Sample No. 

Date Received 
Lab Sample No. 

Time 

Time 

G-14 



-•"i m 

Company Sampled/Address ...        _ . _ 
Sample Point Description        C^f^AoJlx, j*j£m 

CHAIN OF CUSTODY RECORD 

M^frf*-    /Zf&^isfezrr?   &&& 

Field Sample No. /PO/ T 

P&t- 

Stream Characteristics: 
Temperature  Flow pH 
Visual Observations/Comments 

Collector's Name (A)^-8-/^ i£**J_«K_ 

Q+a^h I s y, 3] Date/Time Sampled        3/^^>/>SV 
Amount of Sample Coveted 
Sample Description &+1L        /<? — //« S  £&   &!^ 
Store at:    D Ambient    C 5°C    £<^10oC    D Other  

Caution • No more sample available   D Return unused portion of sample D Discard unused portions 

Other Instructions - Special Handling • Hazards 

Hazardous sample (see below) 

Toxic EJ Skin irritant 
Pyrophoric Lachrymator 
Acidic Biological 
Caustic Peroxide 
Other 

Non-hazardous sample 

L3 Flammable (FP< 40°C) 
Shock sensitive 

. ] Carcinogenic • suspect 
Radioactive 

Sample Allocation/Chain oLPossession: 
Organization Name KA&iAj,^ 
Received m-SL 

ari Ru V   / 

IdJL 
Transported By 
Comments 

yjuP 

Inclusive Dates of Possession 

Organization Name  
Received By  
Transported By  
Comments ___. 
Inclusive Dates of Possession 

Organization Name  
Received By  
Transported By  
Comments  
Inclusive Dates of Possession 

 Date Received    gj&J   _ff 
Lab Sample No.    i£fc 5 A__2 ilk 

Time S: *< 

Date Received 
Lab Sample No. 

Date Received 
Lab Sample No. 

Time 

Time 

G-15 



VT—*" •    i 

RADIAN 
CORPORATION 

CHAIN OF CUSTODY RECORD 

Field Sample No. qtQ JE^ 

Company Sampled/Address      /7S/^ ^g^ffg^gj /ggg 
Sample Point Description      ^o^e^^eu jfg. ^o 

Stream Characteristics: 
Temperature  Flow pH 
Visual Observations/Comments 

Collector's Name       j^O^^^^^^Z \/Z0/X^ Date/Time Sampled 
Amount of Sample Collected (QJ^AJ**-^   ^ <SQ 

Sample Description       So / / /^-/fc.^ /T^ 23£-S> 

Store at:    • Ambient    C 5°C    E^KTC    D Other  

G Caution • No more sample available   D Return unused portion of sample D Discard unused portions 

Other Instructions • Special Handling - Hazards      ^W/g*^*^ //ZfJ/tesZ  

Hazardous sample (see below) 

Toxic 
Pyrophoric 
Acidic 
Caustic 
Other  

i I Non-hazardous sample 

Skin irritant D Flammable (FP< 40°C) 
Lachrymator [ ] Shock sensitive 
Biological U Carcinogenic-suspect 
Peroxide I Radioactive 

Sample Allocation/Chain of Possession: 
Organization Name 
Received 
Transported 
Comments 

a.nc 
dJAV\ 

Byim^i^u: 
edBy wt 

ÜL 

4 

Inclusive Dates of Possession 

Organization Name  
Received By  
Transported By  
Comments  
Inclusive Dates of Possession 

Organization Name 
Received By  
Transported By  
Comments  
Inclusive Dates of Possession 

 Date Received w gJ   ^^ 
Lab Sample No.     $&L3M$-Z11 

Time S. K> 

Date Received 
Lab Sample No. 

Date Received 
Lab Sample No. 

Time 

Time 

G-16 



"^T" 

CORPORATION 

CHAIN OF CUSTODY RECORD 

Field Sample No .^2J 
Company Sampled/Address        US&fi^   3^^^W^t S?/<3 

Sample Point Description      ^aru^M>-^   ***" Z- fP<Xl~ 

Stream Characteristics: 

Temperature  Flow pH 

Visual Observations/Comments 

Itity^PM Date/Time Sampled ^/^ °/^f^ Collector's Name Ütf^o4- 

Amount of San.ple Collected  

Sample Description <^o/1 

Store at: Amtient 5°C     Xt<- 10°C 

*^*r«-"- Date/Ti 

2.Q - Z,Q .<t  £?t   >g^> 
Other 

Caution - No more sample available       Return unused portion of sample      Discard unused portions 

Other Instructions  Special Handling • Hazards     Cf^k+X&M    /fa^'httsl.  

Hazardous sample (see below) 

Toxic Skin irritant 
Pyrophoric Lachrymator 
Acidic Biological 
Caustic Peroxide 
Other 

Non-hazardous sample 

Flammable <FP< 40°C) 

Shock sensitive 

Carcinogenic • suspect 

Radioactive 

Sample Allocation/Chain of Possession: 

Organization Name       vAdlZM 

Received By   CftVJ  VilU^ 

Transported By'""        wT        f] 

Comments 

Inclusive Dates of Possession 

Organization Name  

Received By  

Transported By  

Comments  

inclusive Dates of Possession 

Organization Name  

Received By  

Transported By  

Comments  

Inclusive Dates of Possession 

Lab Sample No. 

Date Received . 3 ; ai n Time 

A* iX 

Date Received 
Lab Sample No. 

Date Received 
Lab Sample No. 

Time 

Time 

G-17 i 



*T ^-* •P 

CHAIN OF CUSTODY RECORD 

Field Sample No.   AO g ^ 

Company Sampled/Address      U$&F       33&LS, sJ?Z<rm &F &  
Sample Point Description       <Zy**-£*M^   ^3    Fa**-, T^a^^c,  

Stream Characteristics: 
Temperature  Flow pH 
Visual Observations/Comments 

Collector's Name      \jb£tp±~£i A<M-cv 

Amount 01 Sample Collected 
Sample Description ->°/ j 
Store at:        Ambient 

Date /Time Sampled V^^ ^5x 

5*C    S^10°C    D Other  

Caution • No more sample available    ] Return unused portion of sample D Discard unused portions 

Other Instructions • Special Handling • Hazards     &Wfi£J£^J n^?A9uL  

Hazardous sample (see below) 

Toxic 
Pyrophoric 
Acidic 
Caustic 
Other  

Non-hazardous sample 

Skin irritant 
Lachrymator 
Biological 
Peroxide 

Flammable (FP< 40°C) 
Shock sensitive 

] Carcinogenic • suspect 
Radioactive 

Sample Allocation/Chain of possession 
\L4AAd,VK. urganization Name       äJUMsy*  

Received By y^lili %LW f\Xl 
Transported By 
Comments 

v^P 

Inclusive Dates of Possession 

Organization Name  
Received By  
Transported By  
Comments  
Inclusive Dates of Possession 

Organization Name  
Received By  
Transported By  
Comments  
Inclusive Dates of Possession 

 Date Received  0   S '# *f      Time gHk 
Lab Sample No.      ifctl'5 ^l/^ ~lf>  

Date Received 
Lab Sample No. 

Date Received 
Lab Sample No. 

Time 

Time 

G-18 



CHAIN OF CUSTODY RECORD 

Field Sample No. /£P£~& 

Company Sampled /Address      US/^P     3e*gsM*»>i   ^F&  
Sample Point Description       C&rtJw+M^ "**3 ^rtx^ J^^^Ao^ 

Stream Characteristics: 
Temperature  Flow PH 
Visual Observations/Comments 

fcjfyjZZ Collector's Name UJ*&±^C&<^ Pate/Time Samplad ¥*/'2-<z/8yc 

Amount of Sample Collected &X*,4a^f~   [S~Adj .  
Sample Description £&ll ZJSLZXL    ^f"      2ÜS  
Store at:    D Ambient    C 5°C    0^1O°C    D Other  

Caution • No more sample available  D Return unused portion of sample D Discard unused portions 

Other Instructions • Special Handling • Hazards 

Hazardous sample (see below) 

Toxic 
Pyrophoric 
Acidic 
Caustic 
Other  

D Non-hazardous sample 

Skin irritant 
Lachrymator 
Biological 
Peroxide 

Flammable <FP< 40°C) 
Shock sensitive 
Carcinogenic - suspect 
Radioactive 

Sample Allocation /Chain of Possession: 
Organization Name      L/(ty/Lift 

Received By ffl\^%\\\foU?* 
Transported By 
Comments  

m 7 } 
Inclusive Dates of Possession _ 

Organization Name  
Received By  
Transported By  
Comments  
Inclusive Dates of Possession 

Organization Name  
Received By  
Transported By  
Comments  
inclusive Dates of Possession 

 Date Received     J Ai   _&x 
Lab Sample No.      njt^AC^'l'f 

Time •f» *c 

Date Received 
Lab Sample No. 

Date Received 
Lab Sample No. 

Time 

Time 

G-19 i 



***** ^P-^Bi ^ 

CHAIN OF CUSTODY RECORD 

Field Sample No. 

Company Sampled/Address        tfSAt^      :23<a^s;£a^r7 /fp&  
Sample Point Description (T^AM^OJ^  ^3 f*/***- Tji&diL&tLU 

Stream Characteristics: 
Temperature Flow pH  

rfo-zs 

Visual Observations/Comments 

Collector's Name     (i)fy*><L ftz*>«- Date (Time Sampled 3/2-0 /&Y Collactor's Nam a       UJSfcZ *- ^O^CiL^  Datei 

Amount of Sample Collected &JJUXAJ-    ( So/M) 
Sample Description 5&ZZ 7*£ Z $   £^~  -jl Sample Description _ _, 
Store at:    D Ambient    C 5°C    ffl^10°C    • Other 

^^L 

j Caution • No more sample available  C Return unused portion of sample G Discard unused portions 

Other Instructions • Special Handling • Hazards      Ufj AAAJOW    H/9^/9TZ^L  

Hazardous sample (see below) 

Toxic 
Pyrophoric 
Acidic 
Caustic 
Other  

.. Non-hazardous sample 

Skin irritant 
Lachrymator 
Biological 
Peroxide 

Flammable (FP< 40°C) 
Shock sensitive 
Carcinogenic * suspect 
Radioactive 

Sample Allocation/Chain of Possession: 
Organization Name 
Received 
Transported 
Comments 

By (MnÄM&fr 
»dBy     V   \JÜV Q 

Inclusive Dates of Possession 

Organization Name  
Received By  
Transported By  
Comments  
Inclusive Dates of Possession 

Organization Name  
Received By  
Transported By  
Comments  
Inclusive Dates of Possession 

Date Received b-M -frf Time ?   iÜ 
Lab Sample No.      '^Qy^'^-Hp 

Date Received 
Lab Sample No. 

Date Received 
Lab Sample No. 

Time 

Time 

G-20 
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CHAIN OF CUSTODY RECORD 

Field Sample No. g03O 

Company Sampled/Address      pS/h/*      JDe^-^sJlZ-crt /^^3  
Sample Point Description        A/2^A^L  ^3 ^e T^M^/^C  Sample Point Description 

Stream Characteristics: 
Temperature  Flow pH 
Visual Observations/Comments 

Collector's Name     fodää/^k /J V^«/rf 
tcte< 

JC0*,UI~ 

Amount of Sample Collected 
Sample Description      £j>'*' 

Date/Time Sampled 

Store at: Ambient 5°C    ^-10°C    mother  

Caution • No more sample available   D Return unused portion of sample D Discard unused portions 

Other Instructions • Special Handling • Hazards 

Hazardous sample (see below) 

Toxic 
Pyrophoric 
Acidic 
Caustic 
Other  

Skin irritant 
Lachrymator 
Biological 
Peroxide 

Non-hazardous sample 

Flammable (FP< 40°C) 
Shock sensitive 
Carcinogenic - suspect 
Radioactive 

Sample Allocation/Chain^of Possession: 

4 
Organization Name 
Received 

LU&K3 

Transported By 
Comments 

ion Name       KJIJXA^L | \ 
By_    (pßlpMäÜ 

Inclusive Dates of Possession 

Organization Name  
Received By  
Transported By  
Comments  
inclusive Dates of Possession 

Organization Name  
Received By  
Transported By  
Comments  
Inclusive Dates of Possession 

 Date Received i'^\   *£££        TimeJjL 
Lab Sample No.     !&JÜ 2 ÄLLA llfa  

i\?o 

Date Received 
Lab Sample No. 

Date Received 
Lab Sample No. 

Time 

Time 

0-21 
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CHAIN OF CUSTODY RECORD 

Field Sample No. 

Company Sampled/Address      U&Ü*      /3&is? s/Pz*-»**   J0f*?3 ^_ 

Sample Point Description     £&%jm*£±£L *S JK/iXL *Z^&u£t*Q. 

Stream Characteristics: 
Temperature Flow pH  

#0? 

Visual Observations/Comments 

Collector's Name        itfaf**- 7^C^L^-~ Data/Time Samplad        3 /~2->& /l?£/> 

Amount of Sample Collected &^-^cf^   ( Sx^Anjj 

Sample Description  
Store at:    D Ambient    C 5°C    D - 10°C    D Other 

«• 

) Caution - No more sample available   D Return unused portion of sample D Discard unused portions 

Other Instructions - Special Handling • Hazards  

Hazardous sample (see below) 

Toxic 
Pyrophoric 
Acidic 
Caustic 
Other  

Non hazardous sample 

Skin irritant 
Lachrymator 
Biological 
Peroxide 

U Flammable (FP< 40°C) 
E 1 Shock sensitive 
Ü Carcinogenic • suspect 

Radioactive 

Sample Allocation/Chain of Possession; 
Organization Name      LflMfcflffi  
Received By Qj\U %$\Af%tf 
Transported By __ 
Comments  

& 
jW\ 

Inclusive Dates of Possession 

Organization Name  
Received By  
Transported By  
Comments  
Inclusive Dates of Possession 

Organization Name  
Received By  
Transported By  
Comments  
Inclusive Dates of Possession 

Date Received 
Lab Sample No. 

ived  5 &J  %1_      Time J2 L 

Date Received 
Lab Sample No. 

Date Received 
Lab Sample No. 

Time 

Time 

G-22 



wr ^» *^^» mm 

CORPORATION 

CHAIN OF CUSTODY RECORD 

Field Sample No. /^(9 3T 

Company Sampled/Address        US&F   Z    ^g^gggg /^/^7S  
Sample Point Description 

Stream Characteristics: 
Temperature  Flow pH 
Visual Observations /Comments 

Collectors Name      f^H^^/^- 
Amount of Sample Collected < 
Sample Description ^o, / 
Store at:    D Ambient    [I 5°C    ä><^10oC 

Datei/ Time Sampled       2^2 Q ^j=^/ 

^S-^fc-S   gg j5^ 
Other 

Caution • No more sample available  LI Return unused portion of sample 

Other Instructions - Special Handling • Hazards 

unused portion or sample u Disc Discard unused portions 

Hazardous sample (see below) 

Toxic 
Pyrophoric 
Acidic 
Caustic 
Other  

Non-hazardous sample 

Skin irritant 
Lachrymator 
Biological 
Peroxide 

Flammatte <FP< 40°C) 
Shock sensitive 
Carcinogenic - suspect 
Radioactive 

Sample Allocation/Chain-of Possession 
Organization Name 
Received 
Transported 
Comments 

By qjMJm&xjä 
adBy'J      M O 

Inclusive Dates of Possession 

Organization Name  
Received By  
Transported By  
Comments  
Inclusive Dates of Possession 

Organization Name  
Received By  
Transported By  
Comments  
Inclusive Dates of Possession 

Date Received *i '.*t 
Lab Sample No üJLML^ZM 

Time H>\ iO 

Date Received 
Lab Sample No. 

Date Received 
Lab Sample No. 

Time 

Time 
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TT 
'•      •* 

CHAIN OF CUSTODY RECORD 

Field Sample No. /4-Jd ?"7 

Company Sampled/Address U£j£JE   Z ßffA^Ü^rrrt rfFft  
Sample Point Description      {fa*Jkjt*fe    tt # F/Äi     YAHVLOJ 

Stream Characteristics: 
Temperature  Flow pH 
Visual Observations/Comments 

s Name        CLkyya    flMSMi       Date/Time Sampled      ?/2// %f 
i hnaH Coveted {QuaAT   C Söl/ d^  

Collector 
Amouni ui odinp 

Sample Description       Cot/ 
Store at:     J Ambient Z5°C   ST-WC 

fit        $L* 
Other 

Caution • No more sample available  D Return unused portion of sample D Discard unused portions 

Other Instructions «Special Handling • Hazards       Cuili&G&l   fffrycwA  

Hazardous sample (see below) 

Toxic 
Pyrophoric 
Acidic 
Caustic 
Other  

LJ Non-hazardous sample 

Skin irritant 
Lachrymator 
Biological 
Peroxide 

Flammable (FP< 40°C) 
Shock sensitive 
Carcinogenic - suspect 
Radioactive 

ta of fosse« Sample Allocation/Chairj^of possession: 
Organization Name 
Received 
Transported 
Comments 

By  QtM WUäjQt 
edBy-1   M        O 

Inclusive Dates of Possession 

Organization Name  
Received By  
Transported By  
Comments  
Inclusive Dates of Possession 

Organization Name  
Received By  
Transported By  
Comments  
Inclusive Dates of Possession 

Date Received  UZ&Ä Hj. Time **>3i 
Lab Sample No.    £%L 2ÄL 

Date Received 
Lab Sample No. 

Date Received 
Lab Sample No. 

Time 

Time 
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VT ^^m ^^m m 

CHAIN OF CUSTODY RECORD 

Field Sample No. /f Q 33 

Company Sampled/Address        LJS/fP       '&2*g&*B££l   /t^R 
Sample Point Description     ^krz^Jt^x^  & 4 ^JBfc Z2£*Z&i '^± 

Stream Characteristics: 
Temperature Flow  
Visual Observations/Comments  

pH 

Collector's Name     /Uj Ofl/VL P^t 
Amount of Sample Collected 8L 

Sample Description ^oV 

?= Date/Time Sampled 

z.jsr-V    ^ ^g^3 
Store at:    D Ambient    C 5°C 3*^1 10°C Other 

Caution • No more sample available   D Return unused portion of sample D Discard unused portions 

Other Instructions • Special Handling • Hazards     t&* &* frtrJ    /f/fy'frLc/  

Hazardous sample (see below) 

Toxic 
Pyrophoric 
Acidic 
Caustic 
Other  

Skin irritant 
Lachrymator 
Biological 
Peroxide 

Non-hazardous sample 

Flammable (FP< 40°C) 
Shock sensitive 
Carcinogenic - suspect 
Radioactive 

Sample Allocation/Chain of Possession: 
Organization Name     i-A/lla/V\ 
Received By    OftlU MAAL'I' 

Transported By __ 
Comments  

& 
u f 

Inclusive Dates of Possession 

Organization Name  
Received By  
Transported By  
Comments  
Inclusive Dates of Possession 

Organization Name  
Received By  
Transported By  
Comments  
Inclusive Dates of Possession 

Date Received kM *f Time % 

Lab Sample No.     £% ^Ak -^    >^C 

Date Received 
Lab Sample No. 

Date Received 
Lab Sample No. 

Time 

Time 

! 
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CHAIN OF CUSTODY RECORD 

i-y Sampled Address 

Vimptt a»o»n! Oe«£npt»on 

Cheracte"St»cS 

efure 
Oejeenuttowt 

Field Sample No. A 0 4P 

US*'        S^s±**m  ASS  

Flo« pH 

^r^v~^/-*^v<-*-~ Date/Time Sampled       3 ft-f /$**/* 

•# Sem»«e Coitected laW^j-  ^So^^J  
Dew:**«»«« -£J> ^ "7 «f - f ^/-      ^3^3  

S-C - 10*C Other 

*»«"*ot»       Return unused portion of sample      Discard unused portions 

»andiing   Heierde       4^aVwO^'V  HfhAP-dL  ^_ 

• * I • •***»«**   * Non hazardous sample 

Sam irrttent 

tacHrymetor 

B>o*ogica* 

^•»oitOe 

Flammable (FP< 40°C) 

Shock sensitive 

Carcinogenic   suspect 

Radioactive 

Date Received 
•aj 

Time 

• . T,i 

r»i 

•• 



^^ 

i! 

CHAIN OF CUSTODY RECORD 

Field Sample No.    /rO*r 2~ 

Company Sampled/Address     U££t£.     £>*^jslku»l   /?/^3 ,  
Sample Point Description    ^cfzaJuyJ-K- *=r ft yZT-z^Z^wAj,UC%  

Stream Characteristics: 

Temperature Flow pH  

Visual Observations/Comments 

Collectors Name   [iht^^/^^^ ^^                     OateJTime Samplad       2>/?-/f¥j^ 

Amount of Sample Collected &jLä&ä£l [SoAczJ  Amount of Sample Collected 

Sample Description        *S^*&>*/ 

Store at:    D Ambient    C 5°C    £^10°C    D Other 

! Caution • No more sample available   • Return unused portion of sample D Discard unused portions 

Other Instructions • Special Handling   Hazards     /^A^^öcAjyJ  /r/7f/fe_£%_  

Hazardous sample (see below) 

Toxic 

Pyrophoric 

Acidic 

Caustic 

Other  

Skin irritant 

Lachrymator 

Biological 

Peroxide 

Non-hazardous sample 

Flammable (FP< 40°C) 

Shock sensitive 

U Carcinogenic • suspect 

Radioactive 

Sample Allocation /Chain of Possession: 

Organization Name      VAdlÜM 

Received By        W• 

Transported By 

Comments  
ÜZ "a 

Inclusive Dates of Possession 

Organization Name  

Received By  

Transported By  

Comments   

Inclusive Dates of Possession 

Organization Name  

Received By  

Transported By  

Comments  

Inclusive Dates of Possession 

 Date Received   2 Ä % jjj        Time 5 7<-J 

Lab Sample No.        t^ü^ÄL^' *-?\  

Date Received 

Lab Sample No 

Date Received 

Lab Sample No. 

Time 

Time 

G-2 7 I. 



TT UP   I"     i pi   "' 

RADIAN 
CHAIN OF CUSTODY RECORD 

Field Sample No. A0^ 

Company Sampled/Address    t/ö&F     23 4-^srfa***     rf-PK  
Sample Point Description     (^Jrri^^Jlx^  **^ <^ /?, h^SJr^^U j*c 

Stream Characteristics: 
Temperature Flow pH 
Visual Observations/Comments  

Collector's Name  U)&pis**- /^&***- <-**-  Date/Time Sampled      I^ZJ^^IE 

Amount of Sample Collected       QL*-I*^IT- {SoA^ciJ  
Sample Description      -So/' / 
Store at:    D Ambient    C 5°C    B<^ 10°C    D Other 

] Caution • No more sample available   D Return unused portion of sample D Discard unused portions 

Other Instructions • Special Handling • Hazards      i£*£*M***i fah^^d  

Hazardous sample (see below) 

Toxic 
Pyrophoric 
Acidic 
Caustic 
Other  

Ü Non-hazardous sample 

Skin irritant 
Lachrymator 
Biological 
Peroxide 

Ü Flammable (FP< 40°C) 
3 Shock sensitive 

Ü Carcinogenic • suspect 
I Radioactive 

• > 

ain ol Posse 
MAÜM 

Sample Allocation/Chajn ol Possession: 
Organization Name 
Received 
Transported 
Comments 

ed ByV   UlP Z 

Inclusive Dates of Possession 

Organization Name  
Received By  
Transported By  
Comments  
Inclusive Dates of Possession 

Organization Name  
Received By  
Transported By  
Comments  
Inclusive Dates of Possession 

 Date Received Q_2& Z± Time    &  |^ 
Lab Sample No.      ''l%tCl*Q'i ' %b  

Date Received 
Lab Sample No. 

Date Received 
Lab Sample No. 

Time 

Time 

G-28 



mßf^mmmmmmmmmtm 

RADIAN 
CORPORATION 

CHAIN OF CUSTODY RECORD 

Field Sample No./fOr& 

Company Sampled/Address       (&&£j£z   Sl&frSB&nzL  
Sample Point Description     <?osL*tb*&-  **^/ gj&&ZJ£&Jk£fy  

Stream Characteristics: 
Temperature Flow pH  

Visual Observations/Comments 

t{J<Xy*s^*— /?&0-+„c. -*^ Collector's Name 

Amount of Sample Collected 
Sample Description        «S"o«/ 

Store at:    D Ambient    G 5°C    0^10°C 

[S*A 
Date/Time Sampled %j3zLL&M, Date/ 

-2-s-^G.sr  Ah     £^> 
Other 

j Caution - No more sample available   • Return unused portion of sample D Discard unused portions 

Other Instructions * Special Handling • Hazards     4&±£zt&2i£L  ^r^fy/^^^.  

Hazardous sample (see below) 

Toxic U Skin irritant 

Pyrophoric 1   Lachrymator 

Acidic Biological 

Caustic i Peroxide 
Other 

. Non-hazardous sample 

Ü Flammable (FP< 40°C) 

Shock sensitive 

U Carcinogenic - suspect 

] Radioactive 

• ^ 

Sample Allocation/Ch 

Organization 

Received 

of, Possession: 

Transported By 

Comments 

a+n or. KOS 

ion Name      \AßM)f\  

By_  <%UJ^iHi; 

Inclusive Dates of Possession 

Organization Name  

Received By  

Transported By  

Comments  

Inclusive Dates of Possession 

Organization Name  

Received By  

Transported By  

Comments  

Inclusive Dates of Possession 

Date Received 2 -^ ^7 
Lab Sample No. »tc^cs-af 

Time 
tgC 7t 

Date Received 
Lab Sample No. 

Date Received 

Lab Sample No. 

Time 

Time 

G-29 



VT 
7- 

>..-! 

CORPORATION 

CHAIN OF CUSTODY RECORD 

Field Sample Ho.S A 0 <£* Z-ffot/ 

Company Sampled/Address   ^AS/V/^    /3e~/Z&f77Z0AA     Af=^/2      1     /$&£,/ 

Park.   Ori'tr* Kyb- °^ 
Stream Characteristics: 
Temperature vOx/7 
Visual Observations/Comments 

Flow 

Collectors Name <£ty  pt<zrc& V» R A. £eU^       Data /Tim« Sampled ^//ö/P*!     th^oicT g/«y. 

Amount of Sample Collected    /0 ~"   2g/vg^ (P^r-f  
Sample Description iSjk^LuX&ritL  XiBus^A*!  
Store at:    G Ambient    C 5°C   X " 10°c    D 0ther  

pXai Caution • No more sample available  H Return unused portion of sample • Discard unused portions 

Other Instructions • Special Handling - Hazards   yj/n T**    Jo»« <*.     ^ "ff^*        s ^^  
/alts     trf     Ocfc/    M   ttj  L-  

I » 

I Hazardous sample (see below) 

I ! Toxic 
Pyrophoric 
Acidic 

I Caustic 
Vother   Ün k f\Dwr\  

D Non-hazardous sample 

Skin irritant 
Lachrymator 
Biological 
Peroxide 

D Flammable (FP< 40°C) 
[! Shock sensitive 
G Carcinogenic • suspect 

. Radioactive 

Sample Allocation /Chain Q( Possession: 
Organization Name 
Received 

iainptPossessioin:_,    .   « 
WIM (hidMUä\lLjh.ti\iZA 
IkkhkJimk A 3 r\m 

Transported ByL' MU2 L 
Comments  
Inclusive Dates of Possession 

Organization Name  
Received By  
Transported By  
Comments  
Inclusive Dates of Possession 

Organization Name  
Received By  
Transported By  
Comments  
Inclusive Dates of Possession 

Date Received    \~\L  of Time C i 2£ 
Lab Sample No. wtiM 

Date Received 
Lab Sample No. 

Date Received 
Lab Sample No. 

Time 

Time 
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RADIAN 
CHAIN OF CUSTODY RECORD 

Company Sampled/Address C/SA F 
Sample Point Description £öüT^    fpdK   Ci/lAJMA<<>£    UJ C     o*f 

Field Sample No. Pi Ob 2. J\/0(_  \ 

Stream Characteristics 
Temperature  Flow pH 
Visual Observations /Comments 

Collector's Nam« /< (CJ<       ß£T L /? A/ Data/Tim« Sampled     V////^^/   /crT^ fCt^LuJ 

Amount of Sample Collected       <? *    -^ c'^^trt. j-£ <r ""^e /   d>fö</ 
Sample Description ^~f><L< ^      c/ £<d /**ys.*{i   

Store at:    G Ambient    C 5°c^^^- 10°c    2 Other  

^^Caution * No more sample available   G Return unused portion of sample G Discard unused portions 

Ottter Instructions • Special Handling • Hazards     £jg&2ig^ &     s*?n <£> V     /i 4 J     <s_     / öj~   

Hazardous sample (see below) 

. Toxic 
Pyrophoric 
Acidic 
Caustic . 

Xpther UflM/2&£2* 

pCNon-hazardous sample    < 

Skin irritant 
Lachrymator 
Biological 
Peroxide 

Flammable (FP< 40°C) 
Shock sensitive 
Carcinogenic * suspect 
Radioactive 

Sample Allocation/C 
Organization Name _ 
Received By QaNA 
Transported BV*_J^ 

Comments  

Xal <dhhhM 
 Date Received  ijS ffi 
Lab Sample No.       ^iCt^O 

Time € -a 

Inclusive Dates of Possession 

Organization Name  
Received By  
Transported By  
Comments  

Date Received Time 
Lab Sample No 

Inclusive Dates of Possession 

Organization Name  
Received By  
Transported By  
Comments  

Date Received Time 
Lab Sample No. 

Inclusive Dates of Possession 

G-31 



TT R^F • • ••! 

RADIAN 
CORPORATION 

CHAIN OF CUSTODY RECORD 

FIELD SAMPLE NO, AoC^^fAp/r* £> 

COMPANY SAMPLED/ADDRESS     £/j$F         rf^T^^/A-V*^ 
SAMPLE POINT DESCRIPTION       /rfji^iT^r- jk/c/A / 3f r?     - 

STREAM CHARACTERISTICS: 

TEMPERATURE >^l7 
•=> 

VISUAL OBSERVATIONS/COMMENTS 
•JPV ^r 37 

STORE AT: 

COLLECTOR'S NAME     /?.   /3<T^/W    DATE/T.ME SAMPLED    V/V^V./^ to*/T^rr*^ 
AMOUNT OF SAMPLE COLLECTED     ^J&*     o't**-****/  

AMPLE DESCRIPTION t3fl/> OArf£)Cyf7"2r<. 

U AMBIENT 6J n -10'C        n OTHER 

CAUTION - No MORE SAMPLE AVAILABLE 

OTHER INSTRUCTIONS - SPECIAL HANDLING - HAZARDS 

RETURN ALL PORTIONS I"] RETURN UNUSED PORTION OP SAMPLE 

~ HAZARDOUS SAMPLE (SEE BELOW) 

n TOXIC 

• PYROPMORIC 

ACIDIC 

CAUSTIC 

VOTHER        4//) A/) c'~J/\ 

hMfci ALIQCATICH / A**1*. ^POSSESSION 

ORGANIZATION WE 

RECEIVED BY   SUMBU 

LAB SAMPLE NO . _i£+L-LlJtl 

DBT> NON-HA:ARDOUS SAMPLE 

SKIN IRRITANT 

LACMRYNATOR 

BIOLOGICAL 

1 DEROXIDE 

FLAMMABLE (FP 40*C) 

SnOC*   SENSITIVE 

CARCINOGENIC - SUSPECT 

RADIOACTIVE 

«Ait -iecEiv u t•,'.•*? -?T 
COMMENTS 

INCLUSIVE DATES OF POSSESSION 

ORGANIZATION UAME 

RECEIVED BY   DA
T
E DECEIVED 

LAB SAMPLE 
f<0 COMMENTS 

NCLUSIVC DATES OP POSSESSION 

ORGANIZATION NAME 

RECEIVED BY   DATE RECEIVED 

LAB SAMPLE NO LOMHENTS 

INCLUSIVE DATES OP POSSESSION 
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rr 

CORPORATION 

CHAIN OF CUSTODY RECORD 

/   Field Sample Ho.S' fiOfa VjQP^S 

Company Sampled/Address UJAF   AFfr&ST/Z'ö^.            \-f\Ofa9j   KO^O 

Sample Point Description  ttLotkUb*    Udjll      ft 3   V £!*£ &  

Stream Characteristics: .~, «, /jrt^, /*„»,- "^ 

Temperature 3g&  /^ 5[Z/gL /*VLag Flow  ^y^Zife/   ~   /   =     pH 6dHf1LtLf***?{' C< 

Visual Observations /Comments        "*  

Date/Time Sampled    ^//g /£»/ » t2< lj U<1 lB*y, Collectors Name    /^ ,    /3lr 6^^/ 
rAmount of Sample Collected  S" *5 <i"   aTMifff 

/^Sample Description 5lr£T QTtlAf*.  

/     Store at:        Ambient   V5°C - 10°C        Other . 

\           Caution • No more sample available       Return unused portion of sample      Discard unused portions 

\\ Other Instructions  Special Handling  Hazards <f ACM  S*A*nfL£ JÜtmUfr    r&jJ/jTr M* fftlerfi 

X; 

r 
Hazardous sample (see below) 

TOXIC 

Pyrophoric 

Acidic 

Caustic 

Skin irritant 

Lachrymator 

Biological 

Peroxide 

tf 
on-hazardous sample 

Flammable (FP< 40°C> 

Shock sensitive 

Carcinogenic • suspect 

Radioactive 

Other     UrJiL^O'-Jr, 

Sample Allocation/Chain of Possession: 

Organization Name *Lnr5 

Received By 

Transported fty 

Comments 

O^ /i.~ 
tL&sl 

 Date Received     ^A?/cV        Time _JA 

Lab Sample No.       JaLitUiJ  

Inclusive Dates of Possession 

Organization Name  

Received By  

Transported By  

Comments  

Date Received Time 

Lab Sample No. 

Inclusive Dates of Possession 

Organization Name 

Received By  

Transported By  

Comments  

Date Received Time 

Lab Sample No. 

Inclusive Dates of Possession 
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-W ^-» 

RADIAN 
CORPORATION 

CHAIN OF CUSTODY RECORD 

Field Sample No. Vc7/  -//J^3 

Company Sampled/Address     (£&£E- Z     f^dS ÜA&tta 
Sample Point Description 

Stream Characteristics: 
Temperature  

C»'L   -Vifawf^ 
V 

'/,<L •. 

Flow pH 
Visual Observations/Comments 

3 7~T—7   7" y//6/^ y Collector's Name /V / 
6 =CA Amount of Sample Collected 

Sample Description  
Store at:        Ambient        5°C    L^10°C 

LJUZ 
 Date/ Time Sampled 

Other 

Caution - No more sample available       Return unused portion of sample      Discard unused portions 

Other Instructions - Special Handling   Hazards /^^ &*-        /"*£ & / 3  

Hazardous sample (see below) Non-hazardous sample 

Toxic Skin irritant Flammable (FP< 40°C) 

Pyrophoric lachrymator Shock sensitive 

Acidic Biological Carcinogenic • suspect 

Caustic Peroxide Radioactive 

Other 

Sample Allocation/Chain pf Possession: 
Organization Name L/ LUL t^  
Received By      3ÜÜ £§ SL£J£ 

Transported By 
Comments  

tW 

Inclusive Dates of Possession 

Organization Name  
Received By  
Transported By  
Comments  
Inclusive Dates of Possession 

Organization Name 
Received By  
Transported By  
Comments  
Inclusive Dates of Possession 

Date Received ÜLÜ 
Lab Sample No. Hvwte 

Date Received 
Lab Sample No. 

Time k n. 

Date Received 
Lab Sample No. 

Time 

Time 

i 

G-3A 
J 



TT ^-m 

RADIAN 
CORPOIATION 

CHAIN OF CUSTODY RECORD 

Field Sample No 

Company Sampled/Address        (/5/r/*r    £Xjt 3&k fa- *=^* \ 

Sample Point Description        £lj£L Z   C  

Stream Characteristics: 

Temperature  Flow pH 

Visual Observations/Comments 

Collectors Nam«     &ä*J±J*£*Z±i 
Amount ol Sample Collected       5     c^ 

Sample Description ^o^^ -e    (äsitSSx 

Store at: Ambient     w^C - KTC 

z. Date/Time Sampled . iM/fr- 

Other 

Caution • No more sample available       Return unused portion of sample      Discard unused portions 

Other Instructions   Special Handling   Hazards L££U2Uk tasted    /r/+?s *>£<.(  

Hazardous sample (see below) 

Toxic 

Pyrophoric 

Acidic 

Caustic 

Other   

Skin irritant 

Lachrymator 

Biological 

Peroxide 

Non-hazardous sample 

Flammable <FP< 40°C) 

Shock sensitive 

Carcinogenic   suspect 

Radioactive 

Sample Allocation/Chain of Possession: 

Organization 

Received 

Transporti 

Comments 

lion Name    lvft3   f  

.edByO^P Q 

Inclusive Dates of Possession 

Organization Name  

Received By  

Transported By  

Comments  

Inclusive Dates of Possession 

Organization Name  

Received By  

Transported By  

Comments  

Inclusive Dates of Possession 

Date Received  5 ~£   ^f       Time  H . ?l' 

Lab Sample No. WX)*1]'i* j 

Date Received 
Lab Sample No 

Date Received 

Lab Sample No. 

Time 

Time 
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"*rr 

CHAIN OF CUSTOOY RECORD 

Field Sample No. g C ~? > 

Company Sampled/Address       Mf>&L      &eK'Jsg£ ^^ .  

Sample Point Description        £2=l&     £rc/f   ^SS^LMJU   ClÄ&£&  

Stream Characteristics: 

Temperature  Flow pH 

Visual Observations/Comments 

'•'J+xy ^ <L  ate!<"^ c £= Date/Time Sampled ^T/> */j^ ^ 

Amount of Sample Collected      5~ <<*~</^>      A^at^jjg     2   ^'^~    /*/**+-* 

Sample Description ^r/^t^->^-    / i^tr£a£Ss  

Store at:        Ambient      t>VC - 10#C        Other  

Caution   No more sampie available       Return unused portion of sample      Discard unused portions 

Other Instructions   Special Handling - Hazards //^A^l <**"*  j/'+^tTCt I 

Hazardous sample (see below) 

Toxic 

Pyrcphoric 

Acidic 

Caustic 

Other  

Skin irritant 

Lachrymator 

Biological 

Peroxide 

Non-hazardous sample 

Flammable (FP< 40°C) 

Shock sensitive 

Carcinogenic - suspect 

Radioactive 

Sample Allocation/Cha^n of Possession: 

Organization Name     'S'    ^ 

Received By   QAjdi MAUL^ 

Transported 

Comments 

^Nfr% 
Inclusive Dates of Possession 

Organization Name  

Received By  

Transported By   

Comments  

Inclusive Dates of Possession 

Organization Name  

Received By  

Transported By  

Comments  

Inclusive Dates of Possession 

 Oate Received 5  iC   yf 

Lab Sample No.     WL*ttt C<* 

Time \L. 2L 

Date Received 

Lab Sample No. 

Data Received 

Lab Sample No. 

Time 

Tima 
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^-^ 

CORPOKATION 

CHAIN OF CUSTODY RECORD 

«"•Vrf* Company Sampled/Address      gLaLL       eZf! 
Sample Point Description        dlSCtlZB^  l^*J^ 

& 7*yi-<r7 ri 

Field Sample No ,/&7£ -^ 

^r 

Stream Characteristics: 

Temperature  Flow pH 

Visual Observations /Comments 

Collectors Name   /t/>9y<,J&  %ZU 

Amount ol Sample Collected  

Sample Description ^vzo 

Store at:        Ambient    L'S°C 

U^^r- 

Date/Time Sampled g^ ^/^^ 
V-*i 

-10°C Other 

Caution - No more sample available       Return unused portion of sample    ] Discard unused portions 

Other Instructions  Special Handling • Hazards        ^g&j jgf^    Sr'?Y*sfrz~< £  

Hazardous sample (see below) 

Toxic 

Pyrophoric 

Acidic 

Caustic 

Other   

Skin irritant 

Lachrymator 

Biological 

Peroxide 

Non-hazardous sample 

Flammable (FP< 40°C) 

Shock sensitive 

Carcinogenic - suspect 

Radioactive 

Sample Allocation/Chain ol Possession: 

Organisation Name   pjj j 

Received 

Transported 

Comments 

nun iodine    \-*•• \*      r . 

ed By      ; £JB L L ? 
Inclusive Dates of Possession 

Organization Name  

Received By  

Transported By  

Comments  

Inclusive Dates of Possession 

Organization Name 

Received By  

Transported By  

Comments  

Inclusive Dates of Possession 

Date Received 5 ^   ^' 

Lab Sample No.      5Jtfi5£ n\   0?> 

Time 76' 

Date Received 

Lab Sample No. 

Date Received 

Lab Sample No. 

Time 

Time 
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^ 1W 

Company Sampled/Address 
Sample Point Description  

Stream Characteristics: 
Temperature  

CHAIN OF CUSTODY RECORD 

Field Sample No. 

UZs/, & 

4&z£m2=. (y+l<-  1 
CSe^/z <•/ ss/~i <2»22 4± 

Flow pH 
Visual Observations/Comments 

*r*L_S 

Collectors Nam»       /i'/ty, Z <J ^grfg £ <• fe Date /Time Sampled S^/stf/tf ^ 

Amount of Sample Collected,  
Sample Description <^7V? 
Store at:    L_: Ambient    £>S^C - 10°C    D Other 

• Caution • No more sample available   D Return unused portion of sample • Discard unused portions 

Other Instructions • Special Handling • Hazards 4u±&l ^^^    /f^hsfrz* <  

Hazardous sample (see below) 

Toxic 
Pyrophoric 
Acidic 
Caustic 
Other  

Skin irritant 
Lachrymator 
Biological 
Peroxide 

Non-hazardous sample 

Flammable (FP< 40°C) 
Shock sensitive 
Carcinogenic - suspect 
Radioactive 

Sample Allocation/Cham of Possession: 
Organization Name    NA/ f ,  
Received By     ^BAjU AXUA ÜML 
Transported By 
Comments  

e\vp 

Inclusive Dates of Possession 

Organization Name  
Received By  
Transported By  
Comments  
Inclusive Dates of Possession 

Organization Name 
Received By  
Transported By  
Comments  
Inclusive Dates of Possession 

 Date Received  ^"lv   T>J 
Lab Sample No.    ZtCSQfffi   Qt 

Time it;. 3c 

Date Received 
Lab Sample No. 

Date Received 
Lab Sample No. 

Time 

Time 
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•Tr   • • 

Company Sampled/Address 
Sample Point Description  

Stream Characteristics: 
Temperature  

CHAIN OF CUSTODY RECORD 

Field Sample No 

/#$>$*>-       &&S&S&* 
^222J!Z±   /^<^<~ 

lTT7~1 

. #013 

Flow pH 
Visual Observations/Comments 

/iJ#7/^ /j Collector's Name *V-T Date/Time Sampled       3~//&/&Y- 
Amour t of Sample Collected 
Sample Description ^/2-c>c±-~^L 
Store at:        Ambient    £-5*C    D -10°C 

,5" tjgij a     7t>/f///^ 

^2x a£ '* 
3,  5"   /.y^or 

Other 

Caution - No more sample available   G Return unused portion of sample    . Discard unused portions 

Other Instructions • Special Handling - Hazards .<££* 

Hazardous sample (see below) 

Toxic Skin irritant 

Pyrophoric Lachrymator 

Acidic Biological 

Caustic Peroxide 

Other 

Non-hazardous sample 

Flammable <FP< 40°C) 
Shock sensitive 
Carcinogenic - suspect 
Radioactive 

Sample Allocation/Chain of Possession: 
Organization Name    ^; ' 
Received 
Transported 
Comments 

ed By JSüL.        ZJ 

Inclusive Dates of Possession 

Organization Name  
Received By  
Transported By  
Comments  
Inclusive Dates of Possession 

Organization Name  
Received By  
Transported By  
Comments  
Inclusive Dates of Possession 

 Date Received    5~lQ ' ^V" 
Lab Sample No.    ?MZ££ÜllE. 

Time It). 3c. 

Date Received 
Lab Sample No. 

Date Received 
Lab Sample No. 

G-39 
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vr 

CORPORATION 

CHAIN OF CUSTODY RECORD 

r^\ Field Sample No. fl 0 7 7 

Company Sampled/Address      U^/f^     Jpe^^S^^? 
Sample Point Description /ffa*-* ^a,    CO *-M-   -       y 

Stream Characteristics: 
Temperature  Flow PH 
Visual Observations /Comments 

Collector's Name     flj^jL    ^ ^^ Date/Time Sampled        ^////^V8 

Amount of Sample Collected 
Sample Description ffi^J «<-—&£   ^u 
Store at:    D Ambient    \&^Q    D -10°C    D Other 

I] Caution • No more sample available  Q Return unused portion of sample D Discard unused portions 

Other Instructions - Special Handling • Hazards        f/f & cL 0cO^    /tsfasfte-cf  

I I Hazardous sample (see below) 

Toxic 
Pyrophoric 
Acidic 
Caustic 

] Other  

I ] Skin irritant 
Lachrymator 

U Biological 
J Peroxide 

D Non-hazardous sample 

LJ Flammable (FP< 40°C) 
. \ Shock sensitive 
Li Carcinogenic * suspect 
0 Radioactive 

Sample Allocation/Chain of Possession: 
Organization Name   _KA_^_ 
Received By      ^Ui ftSBSi 
Transported By 
Comments 

M. 
Inclusive Dates of Possession 

Organization Name  
Received By  
Transported By  
Comments  
Inclusive Dates of Possession 

Organization Name 
Received By  
Transported By  
Comments  
Inclusive Dates of Possession 

Date Received 5 JS± Time I L iÜ 
Lab Sample No.      £ti&223 O^ 

Date Received 
Lab Sample No.  

Date Received 
Lab Sample No. 

Time 

Time 

G-40 



*r wmmmmmmm 

CORPORATION 

CHAIN OF CUSTODY RECORD 

Company Sampled/Address     jj ^^^       £±££JZ s &25SI 
Sample Point Description &„2ZLLL5£±    6^0 <L&L   —    5~ 

Field Sample No .AoSb 

Stream Characteristics: 
Temperature  Flow pH 
Visual Observations/Comments 

Collector's Name        % £*•&    SeJ*^ 
Amount of Sample Collected  
Sample Description ^?^o 

sK^rj*- Date/Time Sampled */// sg 
/?/&«.£. 

(c       {Oo*J-- 

Store at:    D Ambient    E^C    D - 10°C    D Other 

G Caution - No more sample available  D Return unused portion of sample G Discard unused portions 

Other Instructions • Special Handling - Hazards      L/*JASJ dUr*    /t/fv./fce-cf,  
y 

[   Hazardous sample (see below) 

Toxic 
Pyrophoric 
Acidic 
Caustic 

- Other  

Non-hazardous sample 

L i Skin irritant 
I   Lachrymator 

J Biological 
U Peroxide 

D Flammable (FP< 40°C) 
I 3 Shock sensitive 
U Carcinogenic • suspect 
• Radioactive 

• 

Sample Allocation/Chain of Possession: 
Organization Name    M» ^ 
Received 
Transported 
Comments 

By    qbWfattMjLy 

Inclusive Dates of Possession 

Organization Name  
Received By  
Transported By  
Comments  
Inclusive Dates of Possession 

Organization Name 
Received By  
Transported By  
Comments  
Inclusive Dates of Possession 

 Date Received 5JJ ^f Time   L3 LS6 

Lab Sample No.       W009'l   Q2  

Date Received 
Lab Sample No. 

Date Received 
Lab Sample No. 

G-41 
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TF ••j^* r 

CHAIN OF CUSTODY RECORD toil 4L 
Field Sample No. j«IOQ 

Company Sampled/Address -JlS-dJL &£Ml Ct BA&SX86M 
Sample Point Description SiTg   * ? (jP-4   Ft***   B&UMdM 

Stream Characteristics:   ////? 
Tsmpsrature Row  

ä 
pH 

Visual Observations/Comments 

Collector's Name ZMZMM A ItMTEMäM Date/Time Sampled   2JOM/I£ Ml/fif 
Amount of Sample Collected    «* V^< ***   PAsp    StmßLA   UäJläMM 
Sample Description        4/)U  
Store at:    G Ambient    D 5#C    D - 10°C   KOther        jf CC 

j?(Cautlon - No more sample available  D Return unused portion of sample O Discard unused portions 

Other Instructions • Special Handling • Hazards  

D Hazardous sample (see below) 

O Toxic 
D Pyrophoric 
D Acidic 
a Caustic 

D Non-hazardous sample 

D Skin irritant 
D Lachrymatof 
• Biological 
D Peroxide 

D Flammable <FP< 40°C) 
a Shock sensitive 
D Carcinogenic • suspect 
D Radioactive 

}S Other    HdZfEt 1M» CßäiX4t**dEU  BY   ältä&£SMAa*L£ 

Sample Allocation/Chain of Possession: 
Organization Name $1*S 
Received 
Transported 
Comments 

By CXW WMÄ 

Inclusive Dates of Possession 

Organization Name  
Received By  
Transported By  
Comments  
Inclusive Dates of Possession 

Organization Name 
Received By  
Transported By  
Comments  
Inclusive Dates of Possession 

 Date Received  &2lLjL&fZl      Time   UßC 

Lab Sample No.       S2gl22  

Date Received 
Lab Sample No. 

Date Received 
Lab Sample No. 

Time 

Time 

G-^2 



TF T= 

CHAIN OF CUSTODY RECORD 

Field Sampb No. A t Ü 1 

Company Sampled/Addresa    l/^AF 
Sampla Point Description      Wil -^ } jJMl Z I 

Straam Characteristics:    ////? 
Temperature  
Viaual Obsarvations/Commants  

fiEA&<?TAAM 

Flow pH 

Z£JU Collector's Nama _ 
Amount of Sampla Collected    JL\Z0*S 

Sample Description       UJ&TFA  
z Date/Time Sampled eSpS 

^ACX C4 »*^>r     flfr,._ ^ ^ 
y/  <r*rJ /z:\n 

Store at:    D Ambient    D 5*C    D - 10#C /JS£t)ther        4r&C 

Q Caution - No more aample available ^Return unused portion of sample D Discard unused portions 

Other Instructions - Special Handling - Hazards £d£t **    /*£T/S*LAJ     ,V A/,t seß V/?# Ta 
PFTEH   lti4T£FjUZKi <&. AKjj A£L*AJ  

O Hazardous sample (see below) 

D Toxic 
Q Pyrophoric 
O Acidic 
a Caustic 

• Other    £UX tääiläMA ^ätBä£A£äOMk 

G Non-hazardous sample 

a Skin irritant 
D Lachrymator 
D Biological 
D Peroxide 

D Flammable (FP< 40°C) 
D Shock sensitive 
O Carcinogenic - suspect 
D Radioactive 

Sample Allocation/Chain of Possession: 
Organization Name  , am 
Received By  
Transported By 
Comments  

TMjktLk 
Wk 

Inclusive Datea of Possession 

Organization Name  
deceived By  
Transported By  
Comments  
Inclusive Datea of Possession 

Organization Name  
Received By  
Transported By  
Comments  
Inclusive Datea of Possession 

Date Received 
Lab Sample No. 

kfrrML rim. u£fe 

Date Received 
Lab Sample No. 

Date Received 
Lab Sample No. 

Time 

Time 

G-4 3 I     V 



TW 

Company Sampled/ Address   iiSJtJL 

CHAIN OF CUSTODY RECORD 

JL£££SULgM 

Fisld Sample No. /9 Ißt 

SamplePoint Description    IO^Q    l>AA*/t> T*>-v    KJEL   f>»t*LJA}F y/tirVL 

Stream Characteristics:  /(//>? 
Tamparature  Flow pH 
Visual Observations /Comments 

MB Date/Time Sampled 

FUEL 

Collector's Name, 
Amount of Sample Collected      /     &Ld 
Sample Description       T?'9 
Store at:    D Ambient    G 5°C    D - 10°C    D Other . 

D Caution - No more sample available M Return unused portion of sample G Discard unused portions 

Other Instructions • Special Handling - Hazards   C ätfBäAl   ( Pi lfiF     Eil Pi - J - 
 äßXUSL    /Ai<TAUHßßjTATßQAj     0&E£#At&&+ TF  Mt£  £%U£SZt&tt 
 CALL RICK   ßJLäAi <?ft    PETE   äläH£££US  

^Hazardous sample (see below) 

G Toxic 
G Pyrophoric 
G Acidic 
G Caustic 

^Other T/>'i/ Fuß I 

G Non-hazardous sample 

G Skin irritant ^Flammable (FP< 40°C) 
G Lachrymator G Shock sensitive 
G Biological G Carcinogenic • suspect 
G Peroxide G Radioactive 

Sample Allocation/Chain of Possession: 
Organization Name      H - 
Received 
Transported 
Comments 

By cmitmTf^A 
mm   B   BE c j 

Inclusive Detes of Possession 

Organization Name  
Received By  
Transported By  
Comments  
Inclusive Datea of Possession 

Organization Name 
Received By  
Transported By  
Comments  
Inclusive Datea of Possession 

Date Received       JuMjSi Time O'£>30 
Lab Sample No. ££iL& 

Date Received Time 
Lab Sample No. 

Date Received Time 
Lab Sample No. 

G-44 



~^ 

GAS CANISTER 
CHAIN OF CUSTODY 

LOCATION:   /r5- I     fay%Z> 

DATE:       lIlfjUSL  

CODE   * 

TYPE 

Jl£2- 

CANISTER  •: Ui 
(1*ambient,   2=blank,   3*duplicate 

Operation 

1) Canister Cleaned 

2) Canister Evacuated 

3) Filter Cleaned 

4) Canister £ Filter 
received at site 

5) Canister fi Filter 
shipped to Austin 

6) Canister 5 Filter 
received in Austin 

7) Analysis Completed 

CUSTODY RECORD 

Date Initials Comments 

3-)lrVS- M(r 

\Mf.  ZJ&J& 

Sampling  Personnel: 

Sampling  Time:    j&Zfcf 

£#u) 

Sampling Position: JMfljgaMK   ^fi^feggfjg? 

DILUTION *1      DILUTION *2     DILUTION -5 

Pressure: Initial: •"" f 3« 3 T  

Final: — f,/ f               

add UHP air: <%%%$/ 

Dilution Factor:  » y 2" LZ3  

Final Dilution Factor: i ^3* I ^ 

DILUTION =4 

Comments: 

G-45 
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GAS CANISTER 
CHAIN OF CUSTODY 

LOCATION:     AbJ - /        A^Z£- CODE  • ftlQt 

CANISTER *: ii± 

Operation 

1) Canister Cleaned 

2) Canister Evacuated 

5) Filter Cleaned 

4) Canister & Filter 
received at site 

5) Canister | Filter 
shipped to Austin 

6) Canister & Filter 
received in Austin 

7) Analysis Completed 

TYPE L 
(l»ambient, 2*blank, 3»duplicate) 

CUSTODY RECORD 

Date Initials 

.3-»» -*< 

ari2ca£ 

^ 
^ 

JTJ-^ 

Comments 

\jK • - AM 

Sampling Personnel: 

Sampling Time:  

A to 

Sampling Position: 

DILUTION «1 

Pressure:   Initial:   ~- ) 3 »3^? 

Fi^l:    3^ ^f ( 
add UHP air:    P3i$*f 

Dilution Factor:     » flL^QfQ 

Final  Dilution Factor:    < ^TJOD 

Comments: 

DILUTION  *2 DILUTION  »3 DILUTION   =4 

G-46 



LOCATION:       /f$~ 3 

DATE: tJxfhfT 
CANISTER »: IT 

GAS CANISTER 
CHAIN OF CUSTODY 

CODE #: yf//9S 

TYPE: / 
(l=ambient, 2=blank, 3=duplicate) 

Operation 

1) Canister Cleaned 

2) Canister Evacuated 

3) Filter Cleaned 

4) Canister 5 Filter 
received at site 

5) Canister $ Filter 
shipped to Austin 

6) Canister £ Filter 
received in Austin 

7) Analysis Completed 

CUSTODY RECORD 

Date Initials Comments 

i/jk:  W3,jy 

3-y^fr TLO 

Sampling Personnel: p$ UJ 

Sampling Time:  

Sampling Position: 

DILUTION #1 

Pressure: Initial: " /3' O O 

Final: -3.QÖ 

add UHP air: f p-?>.J}0 

Dilution Factor:  i ^817^  

Final Dilution Factor: *>J^/ 

Comments 

DILUTION #2 DILUTION «3 DILUTION' --4 

G-47 



I •     •    •• •F*r n 

LOCATION:  #5"-^  /W<^£^ 

DATE:     Z/2rh<r 

GAS C 
CHAIN 0 

ANISTER 
F CUSTODY 

CODE #: ft* IDL 

TYPE:   / 

CANISTER #:  Ml 
(l=ambient, 2=blank, 3=duplicate) 

Operation            [ 

1) Canister Cleaned        £~2 

CUSTOD 

»ate 

Y RECORD 

Initials Comments 

2) Canister Evacuated     0 '1* 

3) Filter Cleaned 

^J      UK. • -/3.3S» 
0 

4) Canister 5 Filter 

5) Canister $ Filter 
shipped to Austin      - •• • 

6) Canister $ Filter 

7)   Analysis Completed      "£ - 1 vs<. ^?Z) 

Sampling Personnel: pfrUJ 

Sampling Time: 

'TION *2     DILUTION ~3 

c'impling Position: 

DILUTION *1 

Pressure: Initial: ~'3« j5 ft 

DILL DILUTION =4 

Final:   D 

add UHP air: ^^L^aV*^ 

Dilution Factor: , 7> *5 Hi 

Final Dilution Factor: /*sO   \   \ 

Comments: 

*J-**,<? 
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APPENDIX  H 

ANALYTICAL  DATA 

H-l 



TT ^^ 

C 
o 
c-u 

I 

i 
CD 

a 
cn 

do 

oo 

•if 

a» 
cr* 

> CD 
*- — 
a* in 

an o 

a> 

C=L 

»X* 

in 

en 

<r j 
*    1 iiil 

i 
i 

i i    i    !*<3 t i 
•a dJ 
d t- 
11 

c 
cn '+• o 
LxJ c n 
C=3 u <J t-H i~ 
CD O O ti 
CJi cn \ ^ * ^-* o 

cn LU i-i ru at at 
h— ÜJ a o o cn t/i > u 
cn o. o -0 o Hi fD 01 •w 

LU u »-4 Q_ 01 r-* c 
1— .-i •o T3 <J t- t! „ o O »—* O 3 O 
>  . £ ^ -C o *-i 
*-   € 3 4J 49 „ T3 —* °l <U    3 •^ o a» »-• c 

cn - 6 Z s: at ••a ^ ^H| 

e o M T3 t) 
—-• -o (- < < u pat] 1J •U 

oj m .c 0» CL •** 
•^t at o 

t_J CJI U LU LU Z C J K 

rn 

3 
SI 

S 

ß 
OD 

ro 

o 

1 «- 1 
! to i LU 
| -I 
! 0. 
i I 

<c i 
! 

| 

cn 

! 

• 
i Of U_ i U < 

c- 
! 1» E 5 
! 01 c o 

a. cr u 
c c h- -P a <J- I-* ai cn in 

—4 -u c o a 
•o * =T cr (- 
11 —* s <u H at 

a: m < 3 C3 C3 

LU 

<C LU 
a. ac 

H O 

o 
LU 
cr 

»- > 
2 Z 
LU < 
*-* (L 
-j r 
u a 

tfll    i 
at!    i 
-i 
ai 
5 

Til Oil <n 

a z cn uj * u 
wlliZQ. O 

* < > . •-* 
(T H K . > 
o a. z 
3 »-• 

c 
0i| 
> 
o 
u 

0> 
1T3 -p 
O tl 

1 c 
i-H f0 
»-4 a 

1 01 
N <n 
0J 
O t- 

1 ai 
c\j "O 
i-i c In D 

r^   LU 

i-^ OJ crl 
O Ol H< 

LU ^0 s0 LU o 
o    ;o 

cr u t^ 1—4 zdc 
o o o z OltL ^ 

c_> 

a_ <i 

<c o 
CO < 

I   ! 

i 

H-2 
H ail n| tt 
ol ol ol ol .. 



^*p 

t cr> 
o 

t 

CD 

CD a_ 
CO 

—t   -o 

en -p 

•<*• H C\J v—• ^o -a o 
al c a o o n 

3 o» o o» o» 

"Oil si 
31 

"O: 
a*, 

ra   Oil 
en -wi 

M 

rd 

«sX      '->• 

o> 
CZ3 

—.   O *-^ 

O" 

V 
O« 

en 

cn 

TJ 

m 

2 
3J sag 

£i 

as 
cn 

/ o 
*—• 

Öl 
ÜÜ ru :> 

UJ LU 
C*> <LJ 

m 
1 +*' 
jQSM 
OH& 

:—« -Oj 
CDL.   Ill 

• € H 
i a> in 
cn ^< 

I   S 

.OJIC, 

a,  ] 
-—• -o. 

• a. an 

• *n M 
cn <S 

EULJ 3, 
!OJ 
P -P 
<LJ> •* 

I— fl) 
CI3 '*• 

:LU a; 
I— -o 

rvi     CM 
o>     O 
O»     o> 

CO O       CD 

O 
-x* <o 

O»       -O 
o>     o» 
O       0> 

-a ir* ao 

— —I  

LU   £ LU   g LU   € U C»   G -J 
|\ 1^ Iv. C£> N 1^ CJ  S 

era CTac on—• oizz oica cnCD  o» 
03Cj»3Z30ea.3i— e 

H-3 



O CM 1                       »- Q                 a C 

1      i z               z —• 

> a 
to 
LU 

ca UJ S "'• K 
Q (J 

C«3 LÜ LU 

*>*^. LL UJ • 0i OJ 
IT3) ra -* s c c c 
O o =n cc 01 OJ V 
ra -a *- UJ CO M M M 

i CD -> a c c c 
cn "Ü cn 2 01 OJ 01 
cz> o OJ s A JD J3 
i „CT ~* o Q o o O 

m&* +• OJ QL 2 f- u t- 
rj3 a« CJ> E 3 o o o 

z= o O P4 P4 Ml 
W= o a. £ X £ <r r U u u 

CO au o -•4 •v4 •w* 

^c LU u o Q a ,  1 I 1 \ 
LfJ .J "O n C\J <t 
s: u , 
<c E *H *-» Mi 

a« 

ru «4- 
cr> .—j| 

^O 
ail u-  ;_ 

<LJ> ex. 'Si 2 
CJ> ui > u 
LU -•-3 < 5 

b— Q a z cr z 
ac CD c= <  -c- < 
CD <LJ tn u 

CO a_  a« "O 2 
LLI —• ;_— aj •—i 

as ex cn -*^» s LU «_* 
OJ 1—* cu 

CT3 zn 
an CD <r — •M     .. —    — 

«tf3 <LJ» CD 
CJi v. H o Q n 

Ml OJ m -J t Z o 
*J» Ol «= o D o o-j 
P— i ••—1 •N. CO *•* 

>   =» 2: J— «f LU 
f-    I^I C3 o ae 
OU    tiU t—« •»2? 
cn ate 1— 

<LJ> OJ 
Ml 
UJ •—• <r -*-» I— 

TJ ae: oa u 
Ul LL. car UJ 

••—1 3 01 
-*-» z c 
^jr» |M • 

•   ii« M 
H3 tu e 
CE H- a OJ li 01 
<C <: z c c ca 

Q D OJ OJ 
1 o N 3 •—i 
] 0. c •—4 3» 

2 
3 

1 E 1» o •C 

i 
1 

i O 

o ca 1- 4i 
LU 

SI 
1 

! 

3 1 

1          Ä 
[          CO 

I           .—•« 
J       ra 

j 
i 

cm <o uJ CC 
o <c -1 O z -1 CU! . . 1=1 u. y < ö I—• <t CJ 
UJ < LL CO 

cn z> LU H 
^—«  1 <     . 

U_J UJ OL_ Q U 
CD CJ> E: i <C UJ <c 
a_ ae: era U 

•^1 T! 
'4- 0J 
** : , 
U *" 
01 

G ,z. » 
01 Ill N 
^ O 
cn •-J -0 
O U1 
-p •M -3 
m 3 C 
G ;_ -Z 
o 0J —i 

{> JZ a 
-*— -J i= 
u O 

4i 
C IA •M 
o '/I ? 

—i — J— c •--t -^ 

K c CH   <j 

Q —i a • 
a. -^ ** 
LU ^ a. 
K tu 

-p i 
IS i < 
*-4 ^ C  p- 
i^H ""   ij 

H- t- 
o -C   4J 

or ^    11 
a (- •—> 

LL 4i — -o 
-a 0   h 

CO 1 a. -J —» I' 41     LI 
a z f-  a 
»—« 4i 
h- c m   n 
<—< i •»   T3 
z u ^H 
t—i Ul 3   +» 
U- in   o u a D   C 
c 

z ü 
Q <t ~-4 

"T7, u -.  Q 
5 Ul < z 
f/i 
LU 

H-4 i 



TW 
i^r-^w»^^» 

/"^ 

\ 

i 

i 

o 
i 

CD 

<CD 

ou 

QL. 

w 

cu 

na 

cu 

o 
a»  au 

ae:  o. 

C—•! •"*•< 

C3   G"| 
CZ5   C=! 

> Q 
03  UJ 

Q ü 
UJ UJ 

LL UJ 
<- a 
IT 
uj cn 

Z 

o 
a 
E 
O 
u 

cd z 
> UJ 

00 a a a a c o c a a Ö a 
Z z z z z z z z z Z z o 

OJ 

E 
o 

u       u 
•*      o 
(-      -I 

u 
o 
£ 
o 

ai ai 
c c 
it) 01 

x: a. 
4J O 

o Q. 
(- o 
o t- 
^ o 
x; ^H 
u JO 

•** u 

\- a 
( t 

T-t t/I 
•1-1 

U 

dl t. 
x: o 
-p <*- 
UJ o 

€ 
-* o 

C 03 

-c 
-p 
tu 
o 
t- 
o 

ai ai 
c c 

c c 
01 01 
XI XI 
o o 
t- (. 
o o 

Q 

OJ 

z     n < 
o 
cn 

ca 
cu 

«1^ cut au 

J-  1^ 
c J   au 
cn CE: 

ra 

C3 
o^5 

Qi c Q o Q ml c c *0 Q c c c; 
Z 

i 
z z z z 

1 
1 

rü 

1 
z z ni Z z z z C       C: Ci 

z       Z       Z       ZI 

Zfl 

cu ai 
C T» 
(11 •«-• 
x: E- 
*» o 
01 -• 
e x: 
o u 
6 
u> »•     x; 

03 C U 

-1 03 

w 

73] 

Al 
3| 

CO ***»%» ^J- 
c? cr> UJ tc 
a> <r -J o 

Z . . C=| u. y < a i—i < CJ» 
UJ < u. cn ^t- :> LU K 
i««  1 < 

UJ U_l a Q LJ 
cz> <LJ> S3 Z 
«r LU 

CO 
O 

c 

-C 
O v* •** rj 

a      u 

m 

D3 

^ rj 

H-5 



TT •fl^ Wf a 

I 

' 

>* 

i    %— 
en LL. 

^*-     OLJ 

a» 

CU 

^ 

=3n 

CU 

CU 

j— CU   o 
Q£ CD   C= 
CD C_J> 
CL- cu -xz» 
LLJ —1 J—   cu 
CK£ CL UD *J» fr— UJ   *-• 

03 1—   cu 
CO '—| 
Z^ o 

_cn 

U1 rui cu 
-*-> O»! « 
—1 • •—« 

> =1 ^E   h— 
c- IX* CD 
cu CU 1—    ^ 

-,n etc 
C-3   cu 

—f <X -•-» 
TJ Ct:   13 
•_i U_ CZJ 

«T3 

2 
t 
1 
4: 
31 

a~> 

CD C«J 

ex. acz 

CO 

cr>i 
<x; 
o 

en 

tu ^. •p 
o o 
N p4 
^ • 
n 1 ^ 0 
DJ u 
T-* 

«1 . c 
b m 
0i a 
.p 0 
tfl E~ 

•.-1 a. 
Ol 0 
01 •• 

DC o 

~* .c 
Tl u 
b ^   Ol 

T) a> XJ  -w 
ai TJ 1     3 

•«4 31 n -• 
«•- ÜL .  ai 
•H v.»* ^»  1 
U !   O 

€ 01 « ifl    U 
*0 a. w -•4 

u tfl O U    01 
en s0 E 
0 01 1?    01 

•P tfl TD C -• 
u ••4 o rtj   3» 

€ 3 x: JS 
o u 4-> 0)   -AJ 
u 01 01 c  at 
£ J: 5 (l|   o 
u -P x:   C 

o -u 4J   O 
c ••4 01  — 
o (n e O x; 

\s\ •F-t b   u 
a» 0) —4 O   <Q 
£ —* w*    U 

-*4 e c £.  +> 
-P 3 o U    Ol 

H E -j 4J •- 

tr O ^ u -P   T> 
O •*• o Ol :   c 
a_ -*-> 3 4J ru «j 
UJ 0- 01 «. 
cc z 

-P 
Ti •<  ai 

en a» <r yZ     5 
»-4 b g OL X; ^ -»* UJ ,  +> P (- 41   ai 

O T3 4J c o 
tr (U •TJ 01   B- 
o fr. •& x:  o 
li- 01 u T3 +* -^ 

A o 0l 0i   x: 
en I a. 4i 6   o 
z 3 Oi u C   <3 
c E i- 01 b s- 
•—< -u O  4* 
H C « 0J —    Ql 
>—< 'S -p T3 x: -P 
Z u —i u    1 
•—< tfl a 4J o rn u, in O £    - 
UJ 1 01 r- o 0J s c ^   - 

Z | X) m 
Q < .—• '*4      • 

z u .—« Q Q ^ 
< en <r Z •   It 

en 
UJ 
i- 
o 
z 

H-6 



mv^mm 
- 

^^^«•««PM*»wp*W»BB»| 

4 

ru 
i 

en 
i 

oo cu 

a« 

a Pdf 
en 

> a 
a LU 

Q CJ 
UJ UI 
»-* K 
U. UJ 
-. Q 
a: 
u en 
> Q 

5 o 
a. r o 

era 
a. OJ 
LU —. 

Oft ^i 

LU -*^ 

I     CU 
CJO -*-> 
LU   CJ 
I—   OJ 

-o .*-* C_>! 
u"» rut cu -*-> <0! e 

'    ••« • ^-t 
> ZD 3S^"  j—• 
t— «•• ss 

CO 
CU i—i ^ 

C_>    CU 

*n a=:  na 
t_j u_ en 

OB Z 
> UJ 
-J  *~ 
< o 
Z IE 
< f- 

Cfl 
2 

fri 

2 i 
99 

3 

in 
o 
v. 
<f 
Of 

Q 
LL' 
(- 
U 
UJ 

z 

1 

L-U UJ 

<C UJ 
en 

UJ a: 
J a 

< 
< LL 

< . 
Q O 

Z o 

-J 
D 
CO 

cr 

a 
§ 

I 
N 

5     ! 
tM 

en 
UJ 
a: 

•- u. 

. a> 
•3 a.- 
f* in f,j 
E- C 
at 'V -o 

4* •*« *Q 
T> 3 Q 
£ ;- x: 
o 1 *' 
fc. £ % 

u   0 

0 A = 
'J — 

1 —I ~ 

"    3 w 

a 
5 
o 

3 

C —   r[ a. 

UJ 

1   I   1 

o 

UJ =:    I * 

9:        •   • 
U.   ~J  t* V 

en =  ^ _• 
Z   £   •;•   g 

K  C  rt   -j 

Z      U    -4 
H m 3 *) 
U- ji o 
3 ;;   • c 
_ 2       | 
a < -H 
Z  O  -H  Q 
< cn <t z 

H-7 

CO 
UJ 
F 
o z 



r ww 

K 
v_ 

o o H Q a p 
öl -J Z 2 z 
-)l 
> O Q 
C3 UJ (T 

1- 
Q U 

CJ UJ UJ 
C£> t-t H ,***»» U. UJ • Of 0« 

uo ru — Q c c c 
c=> o S3P • 01 Of 0) 
Cü -o £- UJ tn M M M 

i a > a c c c 
co •^3 car Z 01 01 (V 
o O OJ Z> jQ JO .a 

1 «— 4-» a Q 0 o o 
*3" -*-» 00 a z u ii t- 
oo a« CJ r D o o o 1^^ o o p4 ^-1 ^-* 
** ^ u 1 JC 

u u 
Jfi 
u 

cr» a_ o •*4 •»* •w 

^Xl LU u Q D Q 
_l 1 1 1 

LU -1 TD n OJ <r 
o „ » « 

<c r i-i T-t *4 

«u -^^ 
rüt*4- 
oi — 
-O! *-* 

i oj p- *- 
i"    Hi   iTi, •n z 
C_P'  *n 

LU -*^ < 5 •— en   O Z rr z : 
r*>-" O   «= <  r- < ' 
CD C_J tn o 
OU «X* TO z U) 1 
LU *—i t—   a« M 

ae 
m 
co 

co -*^* 
LU   «-» 
l—   a« 

^j* CD «• — ..     — *- — 
*—a C_J 03 

<LJ> v. h- a Q P 
in ni aj ift i z Z z -*-> o>i e O « •*•! 's. en 

:> -^ s: i— *1 UJ <— tj* CD ol K 
<x* ru m-t o& 

en cc: 1  
c_?   a* 

Q 
bl 

.—i <r -*^> i— 
m C»C    <TJ u *-• Lt- a UJ • ^^ 3 0i 

-i-> z c :^* < 
i M • 

N 
nj i Ul c 
tn >- P • 0i Of 

•«•T i <t Z c E ts 
a S a. 01 

1 
4 1 

-33J d 
si CO 

s ru O^ 1 
r^^^ -»»^ «3- 

CO Q at rc 
cO <r «1 c 

^ ' .   . c=> U.  L7 a i—• < 
LU < u_ r^- r> LU H >—• pj 

<   • 

LU LU QL Q O cs> <LJ ^C z 
<r LU <n o 
OL. CC CO CJ> 

1 
-LJ 

I 
a 

•«   -3 
(+.    0| 
«   a. 
U   -' 
H 

c; a.   - 
71 * r.j 
i- O 
a\ a« -0 
a t/i 
-u •^   "O 
OJ 3  o 
I U-   JZ 
o 11 <«J> 
(. J=  It 

J= •M   € 
u o 

4i 
g • ft    -M 

a 
• —"   1-4 

c t_ 

•^t D   £ 
*J O 

I- ~ ^i*> 
i 0 ai u 
G -*4 nj a> 
X -iJ 1-^ 
Ul ~ 1 • X. 01 r 
QQ 11 '< 
k-• •— c a. ^_ ^         -ij 
V- ^ 

o -^        -f 
ge It           V 
S U 41 
a_ It U  *^ 

M Q    H 
tt '- Aj --^ 
—T -' -V   u ^ 
w ^ t-       V 
i—| 4* 
J- B tn   5» 
t-H •TJ 4-»   -O 
z u »-4 •—* «n D   4J 
LL \fl   o 
3 tl •    C 
-v '— 

z ,1 
a < i—« 

z CJ -• Q 
<c en < Z 
tn 
al 
I- 

H-8 



T- 

L 
IT* 

ru 
i 

en 

OO 

OE3 

C2> 

cul 
—«t 

OlOJ 

> a 

Q u 
UJ LU 
« h- 
UL UJ 
« Q 
tr 
LU U) 
> Q 

5 o 
CL r o 
o 

53 3 

at 
z 

a 
z 

o 
z z 

a 
z 

a 
z 

a 
z 

a 
z 

a 
z z 

a 
z 

c 

a. 
o 
u 
a 
o 
t- 
o 

u 

a 
l 
n 

UJ 

ru 

CD 

en 

CD C= 

j—   a* 
en -«-* 
UJ <-* 
l—   a* 

< o 
Z <T 
< K 

Z 

*** 

*T3 

*a 

as  ro 
U- £=> 

3 1 
si 

8 

Q fi a a Q <* c o CO a c Q 
Z z z z z 

ni 
z z 

in 
v4 

z z z 

1 

el   PI   ei   «I ai 

•Tl •* 

o 

U 

C "O 

O *-* •** 

oo 

ru     —- **^. ir» 
ra o 
o <c 
,, a 
a i—« 

LU 
oo r> UJ 

H—I _J 
UJ UJ CL. 
cs> o y~~ 
<r uj <C 
a_ or cn 

1 

e, 
u 

4J ^-4 -t — 

C        :2 

-j a — !— 

< U- 

< 
Q U 

I I 

H-9 i 



TT ^^ 

C5> 

ru 
i 
o 

i 
ao 

_J c_> 

-o 

UJ 

OJ 

°! -^i 
-o! 

an 
CJ au 
CJ" *s*i 

LxJ -*-*l ^~ C=l <=* r**" C3 cz! 
CD C-J 
au a« •o 

uu ——• }— a« 
at: «—» en 4-» 

€ LU •—< 
•TJ ^^ OJ 

CXI •^ 

Ol 
c^> 

ui I cu 
-•^» cz>l s 
• —« •»-41 

>- => z 1— 
(^ u» CD 
<u <u —< »2? 
Zfl at: 

t_>  a« 

*n ae:   *TJ 
•-< U_ C=l 

2 

I 

VN 

'=*- 1 
33 
*^^fc 
•—• 

ra •—i 
****. UO 
en a 
o <z 
, . Q 

era 1—4 

UJ o» :> UJ •—• _J 
LU UJ a_ 
C*> C_JI z= 
<C UJ <c 

0- 3 
h* *-« 
^ • 
n 1 
v. O 
CM u »* 

• * C 
t. • 
a. a 

•p o 
* b •-* a 
en o 
0) ^ 

C£ o 
»4 

—i J= 

m u 
u rt   -J 

-3 I* •O   -J 

ai •o 1     3 
••a 01 n — 
«•- U. •    0) -« s^ -* 1 
u t   o • a* * Jl    u 

<3 a. T-4 •H 

t- UI o U    Hi 
a» o 6 
o 01 •o   Oi 
4* ji "O c — 
t r4 o TJ    7 
€ 3 £ £ 

o •— 4J Of   4J 
t- 01 01 C   01 
X -c I rg   o 
u •p £   l> 

o +» -P   o 
f" «M 31  ^ 

o J» 1 O  JO 
tfl ••* '—   o 

ai OJ ^-4 O   1J 
€ w ^"*    ^ 

•»4 £ c x 4i 
•P 3 o U     01 

H c -J -»J ^ 
(C o N u 4*   T3 

o •«4 cr 0J 1   c 
a. •p 3 -4J CM   11 
Ui c 01 .. 
tr 01 

4* 
X) ^   01 

V) « < i-4     1J 
¥-* ^ C OL JZ 

3 *4 u] , -p 
W t- 0J   Oi 

o -o +* c  o 
a: ai a; ^ ^ 
a i» *• Ä   o 
u. a» *— TD 4J   »-^ 

x 0 0J Oi   4= 
iSi e a. -J c   u 
Z 3 4» U o  nj 
0 i— t- a> »v   ;- 
»-4 -*-» O  -P 
H £ m a» «   Oi 
«—« * 4J •o X *• 
Z y —• u    1 
t-4 \p 3 -p O CM 
u. in o e  * 
Q :i m £ o ra 
a u im 

z » &    1-4 

a < *-* —*        * 
z o ~-4 Q Q ^ 
< en < Z •  * 
Ul 
UJ 
t- 

cn 
H-10 



VT1 

V 

ru 
i 

C*D o 

CXI 

C_D 
es» 
ca 

CD 

cu 

CU 

no 

LU 

CO 

> Q 
C3 LU 

1- 
a u 
Lü Lü 

li. u 
i-, Q 
(£ 
Lü cn 
> Q z 

o 
EL 

o 

23* CD <t 
«—» C_D 03 

C-Dl \ 
*n <=ri cu tn 

•4-> <o; e o 
f i •••i *N. 

>- rs T?*'  t^— «f 
fr- «X» CD Ol 
eu OJ >—* *& 

'-O ce t"^— u 
<L_D    CU LU —« <x: -4-* W 

na ae <n Ü 
<-* UL. C=> LÜ 

-*-> 
"5 
z 

:=r* 1 »-4 

OJ 1 LÜ 
er l 

1 < 

u 
4* 
ui 

Ol 
K 

• cu J- s— 
«Lpj  <=Li to —r 

4Sm 

dir»; «-f» > LU 

LU -•-» < 5 
1— era  CD z er z 
ce CD   C= < t- < 
CD t-J tn u 
CX.   cu -^3 z cn 
LU — H—   cu HH 

OC   cat cn -^* 
fcz LU   <-> 
*TJ 1—   cu 
cn .—• 

CD 

§ 

2 
CXD 

O LU 

<C LU cn 

1 

•** 'S 
q»    Ol 

•«   Ü- 
u •—* 
CU 

I a.   - 
tl ui ru 
[• 0 
Ol Ol   -0 
O VI 
-P •~* -0 
U 3   0 
C c ^: 
Q ai -w 
fr. J:  11 

-C 4i    i= 
u O 

'Z m   i-t 
O i.n   3 

Öt ~4    —4 

<= L_ 
•«4 3   C 
4., O 

1— C N* 
er 0 O u 
LJ *4 3 •n 
a_ •M 4> 
LÜ C 0» 
2: •0 

cn li -•< 

1—* 
f~ c CL 

^H "    -1-1 

1- u 
0 •D  4* 

K -11   T3 
u 49 

LL 0) C    TJ 
-3 0   r*j 

m -- O. *• 
V Zi il    kJ 
0 c —      li 
t—( ti 
>— ~ • n   "j 
—J * -P   "D 
2 u fH 
t—i in 3   4J 
u. ui   0 
LÜ :i •if   Z 
Q 

2 1 
Q <c —* 
Z u P4  Q 
< cn < z 
cn 
Lü 
H 

H-ll I * 



»^ VT * imp 

ITS 
O ru 

! 
CO 

I **- aa 

1— 
rr:. 23 
a. JHI 
UJ *- 
or O 

3 
LU 

-o or .' a« UJ 
_i^> ^: 
t- =2 
o LU «—^ CTJ 
<u  t 

cc: LU 
>• c= 
*- a Q! «u 2: LU| 

CO 
SEI ——« B 

*u a-i «_J LU! 

13 

3 i 
3 
2 ru 

en 
o 

«a: Lu 

cni 
LU OJ 

c=» 
0 

5 
Q 

CO 
1 I t 
5Ü B rj «4 

Q 0 0 
^=j -0 sO >o 
-s: 0. a. Q_ 
<r 3 O 3 

a a a ^^" 
CD 

H— 
C_> 
<c 0 a uj 
ae vH 0 <r 
Li_ O 0 0 

H-12 



-pp mm* 

%n 

ac 

LU -^ 
ct:  - 

QC 

O 
>-    ,r-H 

<L-    •*«*« 

en CD 

H3 

CZ 
<r 

3 

ru 
S3 
CD 

CD CJ 
oc uj 
ex. 9E 

in 
ai 
u 

•w 

>l d | 
H i 

0)1 
Nl 

—;         r^ 
mt   •    ' ro 
u;-^t iN 

••4 > N 
-P - 03 in O 
3- 23 <* TJ N ^-« 0- * •* 

*3 U 0- 01 1 
c T> 1- ~t 
< a. x m 

o o , <f 
qx ca c 
m\ >H —* 
-*t   T-» -J-> CM 

•olo G in •»-* 

111 IT) D in 
CE CD CL < ^- 
a > 
UJ S3 

< 
CL 
Si 
it 
a. 

i    ! 

I 

B 

j 

1 
| 
i 

1 

i 
i 

H V ~4 

>-< • -p 
T3 1 wi 
11 *-tl  D| 

(X a <\ 
G 

2 UJ 
LU Z 
K a 
K X 
< 0. 

en 

<c 
!   1 "Ot      i "»Dt 

T3 'J 0\ 
a t- JZ 
ra 2 •P 

01 
en M- E 
LU c 
a HH c 
CD o 
CJ 01 - •«•4 

tn UJ OJ a* -P 
1— UJ a. OT GR > 'Jl 

en a. CJ UJ 13 01 0J 

LU u »—i CL 01 -i a 
i—• »»•« u E- t-4 

„ k—t e 3 a >•  * £ o 
C~   E 3 - •o .—» ^-i 

a* 3 •r-< --4 c m 
en •* e ai 4 •*•«. 

1 o -x •o u 
!—1      -O c. u .-. m ail 
<t3   «U X - --* Oi QJ 
%-i U 3 Z a -J 031 

<t 1 
M 
03 
UJ 
-1 
CL 
I 
< 
03 

S3 
0« 
u 

u. 
< 

t- 
rn r c 
Oi c a 

CL tr L 
H •P 

01 Q0 Jl 

c o 0 
J cr '— 
• u • 1 
X cs C3 1 

M 
Oil 

i 
-I       •*! 

fc> > 
Z Z W 
UJ   <   *H 

v a <J 
a < 

u. 

CLl T!| 9« 
Z 03 UJ 
UJ z a. 
* < > 
< CC H 

•*•*  1 ! cr ixl *—i <£l     ' 
*-* ujjujfuj 
*T3 o 

OI CL 
|UJ 

C= QKHZ ca ct! 
<r oi ui z c CLlCLi 

I   !   i 

CD 

;— 

4t * 

i 

o > 
• z 

CL -< 

2tZ O 
<E O 
cn < 

OjO 

1 
i 

1 

i 
i 

m 4 N > 1-* m in <J X c 

! 

1 

i 
1 

T-< 1-4 •^H T-« l-< r(j cu r.| CM r.j n n 
Q o o o o O o o Q Q Q Q 
< < < < < < < < < <c <c -I 

i   i 
'     ! 
I     I 

MO Ci 
n n t: 
O CJ C| 
<I <l <\ 

I 

H-13 

H nj n * rt ^ N °o Ö o H ro n * in ^3 r- col o oi H 
I Of O! Oi Oi d OI OI ol SI H -I -I H -I H ^l H H (9 NJ 



TT" V    »'• i 

L _J 

00 
CD ru 

i 
en 
o 

QO 

CD 

at: 
LT3 

s 
CD 

cn CD 

TI 

ra 

O 

<c 
C_J 

« >—» 
OC u_ 
**^H >——« 
ro 1^— 

r«j zr 
^^ LU Ö CD 
o 
. . LU 
CD  I 
LU au ru :> xz 
•—4 <r 

UJ LU cn 
C*> C_3 
<C LU 
au cc 

4 
o 

rolral 
H-14 



wr 

M» 

ol c 
3 

«x* 
*-— x> 

t= u 
cn -p 

c 

i 

M» 
•P1 

Oilc 
3 

cu 

e" (- 
OJ   0< 

CO -w 
c 
m 

cn cn 

^•O   cnC30   oiQO   oiO   cn *&-   cn «&- 
OO   3 ~*   3       .   3 O   3       .   3QO 
o 9»     n     I       ^*- 

cn 
o 

cn cn cn cn cn 
s. x \ \ ^ 

ru  cn C*U cn w—• cn CC3»  cn OO  cn •=*- 
**Q   3 ~-f 3        . 3 O   3        .3 OO 

o     n     in     N. 
o **o ra 

m 
O 

*"*. 
w 
u 

oh —.«1 c 
3 

CU 

•-^  T3 
C3U 01 
€   U 
ra   ai 

CJ> -w 
c 
0i 

•**f 

^v 

MI 

4i 
GtH ole 

3 
a« 

,—c   T3 
CDU 01 

i= t- 
rrj   0» 
cn -ä 

C| 
01, 

1 

O»   cn 
O   3 

cn 

C3> cn 
O 3 
IT* 

!         ~ ! > •I-+ 
\ 

I          m cn cn cn           cn           cn I u» Ol : 
-*•> \ \ \             v.             v. ' -*J \ . 

roi- p*"»- cn *—i *3»C*J TIO    "2t •==*"   cn -=rj- co m 'd^3 ^t 

Oi ^ -O Z CM 3   ^^ 3    -O    3   —•    3  CO |0 z rczti 2 
2 n               ^^ 3 m 

! a* o -o * ; 
•— !^ -o ru l— t3 ! 
et: i   Q_   01 *"*^. a> \ 
CD S   b cn I *§* '- 
Ct- ! ra  oi CO ra Oi 1 
UJ j— :cn •* cn *> ; 
et: 

UJ 
i— 

>- 

cn 
fr- 

CD 

c 
01 

i     w 
! 
i             ^^ 

M* 
41 

CMH ;oi c 
3 

o 
aa 
o 

u
g

/g
 

3.
9 

cn 

cn r*^ 
3 

cn          cn          cn 
V          V          N 
cn CZ>   cnuTJ   cn ^T" 
3 O   3       -   3 OO 

cn     ru     *•*• 

i 

i 

i 
||X^ ° 

• 

V 

- 
3 

co 
ru 

cn 

3 

i < 

1 

i 

:> cn <Xi • ^o • at i 
+m uu '.—i r» %»V rü !.—^ •o 

tu cc '  a_ H ^*^» !  o. dt 

cn 
: *TJ * 

cn 
o 1  TI i 

 4 'cn 4« tn J-» 
\ 

*T> c I z i 
«-J • i 

i a» 
• .—« 1          w l «w 
-*V» | 1 l 

! 
•    « 1          -. ! Ä 

ra « cn cn cn           cn           cn ! MI CT* cn cn CT. cn , 

5 ** ^ \ V          X          X •-'' X. V. N* X \ 
<^|.~ cn cn rZ> cnriJ cn<0   cnCO   cn «^* !"° - rij cn O- ry\ 00 CTl o cn *r3" cn •=3- 
oi c CD 3 —-• 3 30    1         -    3  OO IO -o 3 3 . a co 3 . 3 oo i 

3 Oi -o •s*-          LT^          *^^ t 3 o> r^ r=f ru fjr- —-^. 
1   ru . -o ! <i* -o 

WM •—.. -o *---• ru !•—• "Zi ''S** rj 
g t=L -b '-^^. 

!   •=*• u --^ 
; S  u. cn e ;_ cn 

Sf ; ra a* o> ra a» cz^ ! 
« cn *-* cn — 1 

SB E 
1 "«i 

et 
-*- 
ac 
ru 
ru i  - 0) 

i 
i 
i 

: 
•     j 

41 
***» m 01 i - It       1 n m M 1 ,. «- 
69 UJ     w 

CZ3 e 
UJ 

;C=3J 
3 

e 
. . [CD *• o CD 4J •     i 

! Q t-> -i rjc:                x u k_? f-* et: X u 
UJ 31 P4 P-4 -H »—i     ^e ^      i 3 •—< ^-H .—« <r •-H 1 1 

cn Z> •— m UJ 6 UJ E UJ €         IJC!»  EOL. * ih— 11 UJ 6 UJ 6 UJ e l-i CJ> *z a_ 01 •—* <cr> **• x \ X CD S         t\UJ 4J !cn «*- \ ^ \ CI> \ '^ LiJ *»     i 
UJ UJ i j * CD o»ct: cn*—• cn ZEZ   cn CO   cn act « UJ n era oicte cn CT ^: enca cnQtr T>      1 
C2> CJ ;i— T, C_J 3 C-J> 3 2^ 3 CD   6 OL_   3QL T5 TJ CJ> 3 c—> 3 Z2Z 3 CD P CL. 3 a_ 'D 1 
<c UJ ' i 1     ^ a_ ec . - — H-15 



rr 

aa 
ra 

i s 
i 

CO 
a_ 

CD 

CQ 

>• CT3 

cn 

*TJ 

Sit 
3 

CD 
mm«   -O 

S    (- 
Ti   a» 
co 4» 

c 
Of 

i 

•p 
•mYhrn 

3 
CU 

—* -o 
cau <u 
S (- 
as   ai 

CO P 
c 

J 
Pi 

; -'t 
iOJ i 
i~* -ol 
i ex ait im a 
I   ra    (Hi 
;co +»i 

i   S 

Süß 
3 

cu 
, .   *o| 
cau mi 
*=   M 
ra   OH 

crj 4» 

1 

oi oi oi cn oi 
N. V *v % x 

CJ**-   oi LTTi   oi Cd  oi CO oi CD»  cn «*• 
~*   3 —•*   D       .   30 3       .   3 CD 

ex*"     **o     r^K.     **»** 
CO ^Q 

ra 
cn 
co 

oi oi oi oi cn 
S. V. Ns. X V. 

CO cn CO oi OO oi CO oi r***- oi ***- 
CD 3 .3 . DO 3 . 3 CD 
CO      CXI      «*•      ^O      O*      ^** 

KS ra 
cn 
co 

Ol 
N 

*=j-   cn 
-O   3 
co 

oi cn 
Si 

^^ 
Ul 
V 

Oh rule 
3 

CU 
f—«   "O 
ca_ ai 
£   E- 
no  OJ 

CO +» 
c 
0 
w 

Ä 
Ul 
4i 

0M-* 
—^IC 

3 
OJ 

^—•  "O 
C3L 01 
£    (- 
ra   oi 

CO 4* 
c 
01 

i 
^^ 

! - 1 in» 
t PI 

ji aa oi co cn cn oi «^- 
-      . 3 O 3      .  3 CO 

•=r-     an     a-     -^ 
-a 
rü 
cn 
CD" 

Ol 

CD  oi 
co 3 
-o 

OO 

— 
i cu 
! r—« -o 
1   C3U Oi 
!  f= i~ 

<*» Oi 
(CO p 
1 
1 Oi 

1 •**• 
1 1 *~* 
1 1* 

pr 

cu 

OJ   ai; 
|CO Pi 

' w 

oi oi oi cn sn 
V X V V X 

U•>  OILT3  oiQO  oicO  oi PI•  oi *3~ 
033rU3~-*3C03       -   3 CD 

CD    a-    *> 
co -o 

rü 
en 
co 

Ol 
V. 

r^ oir-*- 
cn 3 rü 
co 

Ol 

oir*^ 
3 «—• u

g
/
g
 

21
00

 Ol *-* 
oiLT» 
3 cn u

g
/
g
 

03
/2

6/
84

 

cn Ol Ol Ot 

| 

Ol 
N 

C^< ot CO cn m cn CO CT --0 cn «Sf" 
r^.3 .3 . 3 CO 3 . 3 CO 
tO LT"} J~3 CO C*"} **"•«. 

-O 
\s ra 

cn 
CO 

cn          cn cn          oi          cn 
V          V V          X          *<* 

«O   cn c^-   oi CO Oi CO   cnOO   oi ^|- 
0O3        .3        . DO   3        -3CO 
co     a-     »*     cn     ra     ^ 

-a 
V ra 

ro* 

3 

I 
3 

ac 
ro 
ro 

Wii 

i3 
Hi 
• cu 
!   CDL  Ol) 

I e H 
I OJ  oii 
CO PI 

C! 
Oii 

— .-( — 

d 

Ol 
N 

CD cn 
CO 3 
-O 

C3 
CD 'UJ    3 

. . iC3 P 
a C_J M 
LU 3 —•      —# 

«f D> 1—    * UJ   € LU   € »—. CO <*- l\         |N 
UJ LU iLxJ   Ol CD   wo:   cn 
cr> c_j n— -o C_3i   3 <LJ»   3 
*3C uu i 

01 
p 
01 

P4 
a. 
1 
o 

OT X   u 
-H    I—I <X    ^ I 
e     u a» e c- • 

l\ C& S        |v UJ P 
i  oi ^-7   cn co  oi ad   Ti 
3QßCL3CLT> 

hO] 

I OJ 
!CO P' 

d 

~ 
Ul oi          oi          cn Ol cn ^ X           *V          N V S. 

•^-« -O oi ^t" oi ra cn co oi -O oi «73- 
C P-+ D         .3         -    3  CO 3  -O 3 CD 
3 O oo     r—     cn oi -O 

•D s*** ru 
Oi *v^ 

p prj 
It CO 

i 

01 
P 

1       •* 
i            i               m 
t uj 31 
1        ,C=) 

CD -P 
C-> -• 

3 
1—   * 
CO ««- 

iLU   Oi 
i p-. 

—« —* —« »—i       ^C P<        I 
UJ e UJ G uu e      i-j c*> e a_ o< 

|v. |x        1\ Ci> v. Iv UJ P 
CD oiac on—• oi;z oicsDj otae *TJ 
<U3i DC«» 3^s: aa ea_ sou-o 

H-16 



VT 

CO 
O 
ru 

! 

o 
I 

era 

m 
-P 

rule 

e t- 
«n in 
cn -p 

c 
at 

Ot cn cn cn cn 
N, N N N N 

UD  o»nü  en<*0  ciO  o»CD  cn»5*- 
U">   3        .3        .   3 O   3        -3 OO 
o     ^o     r^     ^t-     cn     ^* 
-^-* ru 

CD 

CXD 

CT3 

:> an 
f- LU 

era 

ro 

2 

i 
4 
£2 

cc 
ro 
Tu 

CD 

HD 

<t: tu 

m 
-Pt 

cm —i 
rul d 

3i 
OJ        ! 
— -o| 
Q. Oll 
€   u 
ro   oii 
cn -PI 

C! 
Oil 

cn 
X 

cn 
S 

cn cn cn 

UJ   9t 

CD -iJ 

C_Ji —4 

3 
f— m 
cn '4-1 
UJ ul 

W 

CD« 

cn CD   •31'd"   cn «s*" 
3  CD   3 -    3  CO 

LT3     m     -^. 

ru 

CD 

tf« cn cn cn cn cn 
1           4fl N \ v. V *^ 
,rul-> m cnO— cn •*—+ cnCD cnUD cn ^J- 
!rul a er- 3 3 3  O 3 3 CO 

3t CD r^ OO •=*- sä- '•****w 

J   OJ . -o 
. —«   T5' s^ ru 
:  «=3L. OH •*^*^ 

: e t-i cm 
; TJ  au CD 
cn 4»i 

ci 
i        *! 

i 
I                f 

—1 
m cn cn OI en cn 
4J' •v. "N. Ss. ^, ^ 

ir^ta r*- enrü cn *—t cn C3> cn r^- cn «e^- 
rule r^- 3  *—« 3 3 CD 3 3 CO 

3; CD CD iT> «o ^s* 

' cu . ' -o 
 1 -oi •-.--• ru 
: o. u; *^. 
1 ^=   f_. n 
: rn  OM CD 
[cn -p. 

ci 
üJI 

i 

j 
;           ! 

a. 
€ 
o 

—< t—• —« i   i •       <^C *•* 
LU   € ULJ   e UJ   6 l_l C2>   6 QL_   a, 

i\      IN      IN CD \      IN uu * 
C3j   cnCDr:   en<—•   cn Z   cn ca   cn Ott   »n 
<LD   3 CJ   3Z   3  CD   6  OL-   30L.-0 

H-17 
1 ^ 



Wf 

CD 

ui 

*n 
01 
u 

•r-* 

s 
f>l 

III 
rni I* 1 

SJ 

CXI 
CD 
•_ O^ 
UJ CD 
ae  - 

CD 

ac 

on CD 

«TJ 

w, T3I        . N 
•H >i   j N 
4»li-«fE     * l> 
U ca| ttj ti N 

>—| lOi x <f 
13 utOH a» 1 
C tji   jt- -* 
< Q-j *! in 

o   Ol   - <r 
z IQ   C 
t) 1       " V«. 

w H • •** OJ 
-o oioi * *-• 
m rnt  .1 o in 
cc CDlQ_!< w 

a > 
'JJ ca 
a: 
< 
a. 
Ui 
et 
a. 

(   i 

Z Ui 
UJ z 
t- o 
I- X 
< a. 

2 

PS 

ac 

m 

CD 
ac;ai 

i 
an 

N 
siri 
c| o 
oil 
t~ 
cn 
9 

»1 

I 
a ES cai   t 

•^3 

in 

cn 
UJ 

t    ! 

T3 -^( 
T=J i -Ui    j O; 
Cl fc jr 
«n 

0) 
cn '•*- r 
LU c 
Ol •-» c 
CD o 
<LJ" 10 a —« •^ 

UJ a» 0) •w 
1  0. tn Cß IP > in 

cn u UJ UJ 01 01 UJ 
i • i i-< CL 0. 0l ^-» a 
v^— o cj E- •wt 

«, l-H 1—1 o 3 Ql > e o i 
*_   3 73 p4 H 
<X»  ••"* I- H B m 
cn e 3 0I|   (Q * •**i 

o H T3 y 
«•—•   t- O, u - m as 
«TJ J= O •«jw 9 Qi 
"-« o U z o J U3l 

J* 
f- 
o 

U. s 
^z > 
+) 0 
3 u 
O 

03 •u 
in -p 

1 ; i 
1 

o 
i J- 

: 1 t—i q 
m i •r-* aj 
-p 1 ( 01 
c I N iß 
ttl 1 w 
1 | o u 
H 1 1 XI 
-ol nj *rj 

Oil £21 m >-• c 
•J\ OS cc m 5 

***      ! loci   |x 

—• UJ UJ 

cxb 
uj    i oi a. 

Ol    I UJ 
H z| caj K 
Zi Cl 0.1 0.1 

I    ! 
I   i 

i— 

c^ 

i   i I    ! 

i 

a i- a Z (- > > czuiutu 
LU CC H UJ Z Z K Hiiiza.      cj 

*-+ z> o 1- UJ < >-* Z < >   . *-* 
*—+ X h- M Q. -J ^ < E t- a o 

UJ UJ UJ < u r ^ CC 1- H             > 
CD CJ • o a y o             a. z 
<C UJ o < 3                      - 
a- at: u. 

cn <i< 
OjO 

i   i 

N CD 
in in 
oio 

I! ! I i 

oo 
<l <l <! < 

H oj| nl •*] mi ^oi N col o\ o\ H col nt 
oi ol ol ol ol oi ol oi oi H -*l -«i -^1 

H-18 



~w TT •^ 

: 

* 

co 
ru 

i 

CO 
I 

CO 

in 
41 

ml- 

I  CD 
—-« -o 
GL  01 
€    (- 
«3   Or 

ÜO 4* 
C 
01 

hf*H 

!• 1   TJI 
! ex OK \m M 
CO -PI 

c 
I        ail 

mi 
4* 

cu 
t— —4   -Oj 
or ! ex ati 
CD i e -' a. ! a?  ail 
LU 1— ao -p 
ae en c 

ÜÜ !        <u 
I— i 

>- I 
f 

CO ^s 

w 
UO •Pt I— ru!— 
_J !OlC! 
IT3 3t 

> CT3 ; OJ    | 
£- LU :^—« -üt 
<i» ae 1   CL^j 
00 

; aj   oil 
i—i ao -pi 
»n 1      cl u 0.1 

en cn en 
*S >N \ 

«O   cnOD   cnC^CI   cncO 
.3 .3 .DO** 

r*^.     io     ir>     or* 

si 

- 3 ao 

cn 
's. 

»—•  en«*-   en -O   cncO 

en 

CO   cn«*- 

'S. 

3 

cn m 

en CO   'Ti CO 
3       .   3 —< 

CO       Cr~ 

en 
•v. 

. 3 co 

en          en en 
*S                 S, Xv 
cn GO  cncO CO  cn ^*- 
3      .   300 ^H   sop 

ar-     ao ^_ 

co 

*"^ 
• cn cn         en cn 

«p \ v.          \ v. 
COH CO cn O^ cn^J-   cn CO LO   cn ^T" 
—«Ic -^ 3 . 3    . 3 ao — 3 ao 

3 W-+ »^     cn 
OJ »—• w—* r^- 

*—4    -O «•i 
ca. ai •^^^ 

s 
tn -p 

c 
01 ^ 

C3 
*n 
4* 

col c 
3 

cu 

no o«i 
ao -p' 

i - 
;co c* 

3< 

i *** -e>» 
1 c=x Hi 
i e u 
1 *o Oil 
too «J! 
1 1 1 i 
1 H 
i J 

«»I ! «H 

P'l a« 
j—• •*: 

CX    HI 

1 ra  an 

3 

cn en cn 
*s V. *s. 

sO   cn ^O   en «*• cn CO 
*—•  3 vf   3 ITS 3 CO 

«r     ri     rJ     -x 

en 
*s. 
cn •**- 
3 ao 

CP cn en 
v. *s 

*31 —t" 

en 

Cd   cn 
.   3 

cn en 
\ ^ 
cn O^- en CO 
3 . 3   »—• 

ir*>     ao 
CO 

cn 

cn-rt- 
3 CO 

O 

2 
SI 
I 
tti 

3t 
CO 

cn 

ra 

<3C LU 
QL_ ae: 

M 
-P 

-cole; 

',. •   "Or 
'  cx Oii 
' S M 
! Tl   4i| 
cn -p- 

:        i( 
! w4 

3| 

cz> -p 

3 

CO **- 
LU    01 

!l— -o 

O***   en r*0 
-   3 

cn     «=r 

cn en 
's. N 
cn O" cn CO 
3       . 3 !— 

ao   en^a- 
. 3 ao 

UJ.^u,i 
C3CI  enr^ 
O   3CJ 

£ o 
aer x u 

—* r-*   I—| ^f   ^H 
eixJ   € IJC5   EQL   n 
s^        |\ ciD 's.        |\ LU ** 
en»—^   cn ^2t!   enca   cnac;   11 
3Z DO eau sou-« 

• *TJ   ai; 
ICO  4*1 

LU   31 
co 
CO -p 
CJ  — 

3 
1     * 
cn <w 
LU   0. 

l F « 

cn 
s. 

.   3 
-a 

cn cn 
S. Sw 
en cn en CO 
3       . 3D —4     3   CO 

LU   g LU   6 LU   E I 
lx        |\        l\ C£> 

QC:   en IO   en*—»   cn 2Ü 
U   3U   32   3D 

enca 
6 au 

v 

E 
0 

X   u 
- I 
E ex.   a- 

cnaer u 
3 C3U -o 

H-19 ]   v 



*^rr mmm v^mmjmmm 

1 

C3> 
ru -—• 
i 

CZ> 
I 

ca 

i 

CD 

UJ I— 
as en 

en 

en 

OJ 

!          mi cn cn 
jJi \ "s. 

C*»H 3- 71 i—* •71 

—»j c* r~-^ T   ^* 2 
3i 

1 •   i '—•   T3l 
;  -O-*»! 
! €  H 
' ra   Oil 
;cn •**» 

!   a 
;  1 !      1 

Ol CT 
4*j V. "V 

cMi-a ao cn O Ol 
;—• |d *—• 3 «*- 3 
'        of ru 

*— UJ ^-«   -oi 
<u or '   CZL.   1*1 
JO ' G   u\ 

; ra   n| 
cn -p' 

Ol cn 

GO    a»    ru    -*** 

Ol CTl 

CTI CZ* *—•    Cn *3~ 

E:    i 

*! 

nj « cn cn cn cn                    | 
cr -^ "^ V. K. ^ 
«^ .—* M cn cn ru cn CO cn CD CO Ol «3" 

•^ Ö ~^ D 
ari 

D 
cr^ 

D 
a^ 

3 OD          ! 

i» «—« r-^ 

2 —4 •^ «M| 

e 
Vt 

< 
Ol CD 

2 

04
/1

3/
84

 

UJ 

e 

m 

—' 

! 

i 

41 
01       I 

a. 
\ 

a 
CD 
CD —* atz 

£ 
o 

X   u 
UJ 3 •-H —4 •—« >—• <c -<     1 

cm :> t— TJ UJ e UJ e UJ E i-j ci> go.« >—• cn <+- \ ^w *x Ci» ^ \ UJ *» 
UJ LU UJ <h oez cn ~ ~* cn •—« cn •->^ OiOQ ence: m 
C3> c_J t— TJ C_J* 3 <u> o ^^. 3 CD € a_ 3 CDU "O 
<c UJ 
a. cn *•— •• •- - • *• •— •• mm •• .... •a  .._ — mm  — 

H-20 



• 

— 

? 
s 

- 

s a- ru 
ULI IT) 
accri 

cn 

ao 

cn o 

- > 

C  4 

CD   C 

T3 u 
^ * UJ 
cz (- 
*o * (- 3 

c cn s. %• 0 « a —4 0 c « -a ••* • w a • > u « 
CD > a m -1 • n a 
O 03 -4 > »H 1H «i *H CJ -H 

*M 03 UJ * • u u 4 
>— 03 tu a. c u ~xi «1 > •HI 3 u c 
cntn 3 llJ 0. CJ * LU -4 1 • 4J »4 a •HI < 
LU UJ 0 a. a •H a • « 0 I-* c 
H-a CJ ••N cj «• «j u • c 4 • 

u M * e • e 3 QL • o PH 

>• •* m 6 * o E *- a 
ft- • u % 6 3 —4 -HI a Tl GO a. 3 a C 
a* u —4 6 3 •94 1 u t- C O -»* 
cn • c 3 ••4 6 -< «M 3 4 m ^ •H C cn > • 6 0 u JÜ U TJ * • i 
•—•    w-4 * U TJ fc. « (. u m < 4» *-« 4* X 
*u •** f- 1 <l X a tt • -*4 m 0. 0 9 o a 
«-* ca -2 aal Oi <jj id 3 £j ol J u2 H ca H M 

1 

SSS  3 
3 

1 
CD 
UJ 
J 

I 
CO 

ca V) 

ft 
• 
> 
a 
u 

• 
4* • u. O 4 

U < ft i (- 
ft • —i « 
4 X G 4« *-< a 
• a a I i V 
a. 1 c- 3 N «• 

c c 4» Ti N 
1 * *»* • 03 * C O ft 

-HI 4« c e a 3 1 • 
•O . W a cc t- 0 rt 13 
* * 3 * UJ • ft n m *H c 
oa cd <I ü öä aoJ ad ad ON 51 

u4cNU4U4u|H n u 
x et 

«I (PI or     co < 
04U4<IH< UJ 

S K 2 
^ ^        , «^      CD UJ 

^W^^I^MM0 Z PB UJ X 

< 

uj qq 

CJ 

8K     I 
£ CJ 

Sid 
üOü 



fl>    " im        • Tf  • • ' ^i^—^w^^^w^P m 

• 

• 

• 

? s 

cn 

en 

cn 

4E 

3 
1 

s 
CM» 
LU UJ 

<C LU a. as 

» Is • s - 
3   3   8 
«s^      \S      \S 

3   8        3   3   3^^ 
•       C3 • * . N<^ 

SX . NX      N*>      V 

CO  " 

cn " 

ol c 
3 

cn 4i 

cn 4* 
c 

OlC I 

«v m cn 

ä 

rii 

QJ      CM       ^       CM       ^«      CM      CO      CM 
8  8   S  S   S  §        8 
NX      NX      NX      VX      SX NX 

B    p<    a a    sx    o 

CM3-<i>^CMNCMmr)-«*-* 
8   8   8   8   3   8 858^^ S ... v vx    NX    NX    o    o sx    o    sx 

•   3   S 8   8   8 
NX    NX    NX 

3   3 
CM CM    cn    cn    ~^    —* 

8   S   3   v   ** 
V*     O     ^ V 

ruc2*-«Qjr^cjcDC\iGocn«^c\i 
8   8   8   8   3   8        8   S   8   ^   ~ .   e ... NX 
NX    NX    NX    NX    o \x    o    sx 

**   <C   -* m* w* *4   <r   p4  MM« <r   pH 

|S      Is.      IN.      IN.      IN.      KO^      IN, 
Cf> oicn «•« »a mac »o »z »ao o 

H_22   OT 

N,      IN. ^ N x N 
.   0»UJ   OlO   o»C3   e» 

3QL   «CO  3K   |P  8 



1   ' "I w^^^p mm 

v... 

i 

? 
oo 

s 
en 

en 

uu 
en 

2 

i 
ao 
CD 

n5 
UJUJ 
CPU 
<*: UJ 
a- CK 

öle 

en " 

*o    CM    ~+ en 
en 
o 

ru    o^ 

NV     N^ 
s 

Qi    en 
8   S   <=> 
NX      C>      Nx> 

Cn       —•       —* 
O      V       O 

c 

4     UJ, 8 C5> 8 UJ, 8 UJ, 8 UJ, 8 c_) 8       UCSlZjSl        -I       U 
cn «H IN.      IN.      IN.      IN.      IN,      IN. CA N.      |SQS      IN. U N, X N. 

C3>  o»C/5   »«C  oiQ  WOT   »CD  oi 21   o»QQ  o» S   aiUJ  «• O   mO  a» 
0<9aQ9U9U9Z39fa.9a.f(09H-|h>l 

H-23 
lv 



TT" 

i 
cn 

£ 

^ 

i 
BB CO «_ > 

o     Q J 
on    UJ < 

tn 

^ SIS 
s C3   C= 

au a« w 
UJ —• H—   Of 

cn •** 
JC UJ «-» 
•V h—  a, 
cn ••—• 

•—•« 
sar» Q| 
«0 .C-9 

UJ 

of« 
tf» 
-** 
^4 ••-« 

s>- 
Of  a» I—, «v 
cn as. ^m- 

CJ a« •—• ^ -4-> 
*Q as m 

> 

2 

2 cn 

UJUJ 

o 

(D 00 

8S 
olol 
a a II 
li 
Üi 

Ul 
U K 

5S 
H-24 



^mm IW-^F^PW^ 

er- 

l 

i s C_J 

CO **~ *i as 
uu ••-* 00 ÜJ 
QQ «_* *^ a 
Gfc£ a« N »HI 

£ O u 
wt N. _i IM 

0 K a 
H— s-s ota 

S o 
OH 
UJ CD 

GU   <U *w H > 0C 
UJ —« h—   <U O -J Ü! Of    C3k en ** Si ^s UJ *-» »- 

fQ H- a* z < O 
CO M tm 

^y* a» in 
jQ C-J K 

UJ 

518 
< «n a 

•4«» 
• 1   •»« •^^ H 

>           3 s- ft 

*-    V* r «u a« •—• *w M 
co at: 

CLJ> a« 
J 

_« <C  -4-» , 
«o as av K 

2 

3 
a 

CO 

H      H     H 
«<    4 

Q K 
UJ O 

U U 
< < 

Is 

5 

O      * 

*     • 
> 

(0 

CE  *»  4» 
O «* o 
CL C 
Ul ••• • 8 ^ m 

m 
(DC- 
HOC 
X~ 3 
H 4» 

u c 
QC • • 
O 4* 4» 
U.   • -• 

0 •   I 
»Ml    -HI      If 

M  •»«    Ol 
Z  u  O 
« • fc. 
IL au 
UJ    «I   -*4 
Q     e 

• 
Q £  C 
Z 4» •*• 
< 

4» <0 
01 f • 
UJ 4» 
I- "O U 
O • O 
Z 4» a 

u • 
• u 
4» 
• m 

4»   3 
O   «I 
c • 

u 

a ~ z < 

i 
H-25 



rr •^ m    •* 

i 

? 
So 

5 

u» 

a« 

n 
> a 
OB UJ 

QU 
UIUI 

is 

LU =1 
§-« 

• 

a» 
•#-• 

en «*- 
UJ •*•< 

«-I 
en a* »- 
UJ CO 

«* > 
J 

£1 < 

CJ 

UJ 

1 

<a.a.<LQ.a.Q.a.a.Q.Q.a.Q- 

lüOOOOOOOO**^>***"< 

en •** 
a *-ä 

c_> 

01 

«A 

CD 
'S 

cn 

2 

s s 
cn 

V-, 

a Q 
UJ UJ 

o o 

13 X  M 
UJ 

UJ 
UJ K 

US o 

So 

(00.110.0.0.(10        0.       XL       Q±       O.       0. uj    w    n     *    «    m    th o*    n     *    n a     w    w     w    c* 

inn 
CCSHUJQCCü 
—       —       COOQ       *       «      4» -« 

•o       x>       -o        |         |         1        -4      -•      % -o 
«t        *•         I.        *          *          *           3          3        — C 

« 4 ^ 
£ 4» 3 
n. • m 

~* .o o 

C 

a.    o*    o    i    «    r5 
UJ      OP      0*      0*       0*      0* 

fe   i   fc 
<h      0*       (h o    o 

1 i 

H-26 



TT •^P^ p*      i*   i    i 

I 

S 
I 

>      a* 

a« 

c:     a_ 

en 
jfl 
en «** 
UJ 

5 
a« •«§ 

~-«     H—  a« 
«a.    cn •+* 
«      UJ   *-» 

«B   -.2 

^  S       3r *— 

cn«:     »— 

«o 

fO 

u_ a 

2 
«a 

CD 

m 

u 
a. 4 
9 s. 

1 ** 
h 
• * 
4= CD 
4* O 
O «0 

«i -a 
* o 

e • 
3 1 

• -« 
4»   I 

• •   C 
n « o 

SO nu 
•*» o • 

B i o • 

<- C 
CO x < 
HUCDL 
X - UJ 
H C 

O "O 4» 
S«   « 

I- 4» 
li-   • u -o 

-a o  • 
<n 8 a.4» 
Z 3 • u 
act.« 
•1 4» 
l- c m • 

r*** !>    UJ 
ujuj    a. 

H-27 
! « 



^^-^^^ 

? 

a 

g 

en 

39» 0 CD 
ft- > 
O Q -J 
w bll 

! 

^ **- 
v-i. i *-» 
X a« 
g «n 

. SI 85 <-> 
&.£ h— «• 
,r^p^     ^» m -** 

(B aJ *-* 
(3 h— «* 

«—I «1 

—gpt 0 
JB CJ 

«n cA\ a* 
** ol « —^ -^* 

ft- a» B*Z a« a« *—• «o 
en a= •— 

3 i a* 
: +* 

V 

I 
s S 

2 3 
3 % 

O 

si 
Q Q 
til UJ 

W 

*•? 
H-28 



»   ^" j=m 

C 

• 

S 
a* 

CJ> 

&.2 

en 
UJ 

en 

an 

a -.2 

a»      cti  a* 

cnos    H- -     as 

3 

B 

15 

§ 

<=> tu 
on M 
a« u. 

O 

dal 

UJ C0 
H > 
O 

t:    i 

OD 

O 
(X 

s 
UJ o 

Is 2 O 

i 

K 

1 oi    ^ 

a. i 
UJ —  m 

09 C - 
M o C 
X - 3 
I- 4» 

u   (. 
s • • o *» <** 
u. • « 

Z   "O    « 
3«c 
M •*< • 
t- «•»   I- 
M •••   p 
Z  u  o 
M i $- 
U_ a. u 
UJ • -« 
Q        6 • 
O X C 

4» T» 
en m • 
UJ 4» 

O  • o 
Z 4* a. 

u • 
• u 

4»   3 
o « 
c • 

I- 
I 

a ~ z < 

H-29 
i -• 



*T 

i 

*n 

u» 

s 

1 
> a 
ODUJ 

Q O 
hlUI 

IK 
U1C0 

UJ 
to 

•j» 

a 
O- a« 

üil 
en 

<3 *-.=: 

u» 

en 

as as 

cn 

s i 

21 a UJUJ a_ 

§ 

aj CD 

O N a o 
* I) oioi 
Q Q 
UJUI 

ill 

H 

m 

<2 

Ü 

. 

<Q.a.a.a.a.a.a.OLa.a.(LCL 
tLfMd^tnsONaDoo-nin 
UJOOOOOOOO~*4~4*« 

I i 
asa.^a.a.a.a.(L(La.&(LQ. 

I iTi"i"i"i"i"i"i"i"i"i 
CC«t-bJ0CC*C«t.» 
-i     *-      c     a     a     a     m      m     4»     ^     x>      o     -o 
«-     *-     «    a    o    a    *    «-     *     «-     =*    -•    •*• 

"O T> -O I I I *-* ~« *- "O .£ £ M 
•4        *• fc        » » 3 3        ~< C • U O 

•*•>«.> .«DO« ^ 4» • 
•O JL < •# * X» -W «A 

U C        C        C •        fc 
•        •        * C       «        O a * *• »• 

§* « - f- £ 
£ 4» 3 -o u 
a- • m c m 

i~* -O O 0 4* 

O I • u mm 

<0-fcS;&&"aE1" °-   %   i 

as     a.     a.     a.     a. 
Ul     ^     5     3     N ft   &   i   % I   ft   3s   ft: 

H-30 



VT •^^^» 

V >•      u* v - o      cu 

(X- 

S   g 

O 

cn 

cn 

So 
(3 

—«     i— cu 
53.   cn ** 

u*    ruf cu 

>• =3 
fr- *** 
CU   cu 
cnac 

U   CU 

I 
l 

s 1 

m 

•o m 

U 
• -< 
m u 

u 
• * 
ä CD 

O *0 

• -o 
• O 
• 4= 

C   • 
9 8 

t-   4* 

4*  G 

6   -  C 
«f  O 

.   t   *•* 
h ab« 
gociu 

** o • 

B 1 u • 
er o - ja 

03 ä       < 
M   U   C ÖL x    •* B 
K e 

O *W 4» 

t- 4# 
U. • u -o 

o   o   • 
(0   C   A4* 
'Z. o m \j 
a c «. • 
« 4» 
t-  c   »  * 

o 

S2 
H-31 J ' 



VW m^v 9-OT 

C 

• 

? s 

U» 

CO 

J 

> h- 
> s < 

•-< z 
U. < 
»4 
K 
III 
> 

g w» 

h— So 
s CJ 
a. a» TEJ 
LU —* *—   Off 
05 S- en -** cs LU «-• 

tS •—   a* 

«•—"4 
SVk ct 
•f** c-> 
tfl ra«u 
*» ole 
PM| M 

s- a* a» •—I «0 
en a= 

CJ> a« 
«n 

fi! — 

a     o 

0 

OD CD* 

ULI UJ 
C5> CJ 

old 
O Q 
UJ UJ 

u u 
< UJ 
«•> 
HZ 
X   M 
UJ 

UJ »- 

52 
Q H-32 



~w TW 

»"•• CJi 

1 
UJ 

u» o Of 
1 »;„E 

•t*^ ••«« 
es t-4 

> • 

can i-i 
Of IL 

C_> 

£ 
cn 

9 
5      Sc 

cn •** 

cn 

CJ> 

ft-   tf* 
a* a« 
cn Q£ 

CJ> «u 

^7 
-a I 
S3 

Ul UJ 
<r uj 

s    H 

a K 
UJ CO 
I- > 

< 
z 

z< 

UJ a 

5 a 
UJ»- 

II 
2 

u 

H       H      ^ 
O 
V 

•«4 

CO 
w 

a. s 
UJ - 

CD C -« 
M   O   C 

U   U 
5 • • o ** *» u. •- 

^ -I 

§*o   I» 
• 8 

!»«*(. 
w •** ai 
Zwo 
« • c 
li au 
UJ « -* 
Q « 

OX  C 

to m • 
UJ 4» 
H *« fc 
O • o 
Z *• a 

u • 
• u 
4» 
• «I 

4» 3 
O • 
C • 

h 
I 
a - 
Z < 

H-33 



' TW 

• 

\ o 
i 

ao 

u» 

tn 

s 
o 

31 
> Q 
OBUJ 

h- 
Q U 
UlbJ 
M K 
U.UJ 
M a 
5 CD 
> a 

i 

s 

en 
UJ 

en 
UJ 

~^     H- a» 
6      UJu 
•o     •—  a» 
cn ~^ 

a» 

u» 

& 

cn 
CJ> a* 

as pe *a 
«-« U- cu 

• •» 

4; 
2' 

CD 

ao CD 

O N 
CM O 

CHO» 

a a 
III Ul 

is 
gl 
< Q 
Q 

O 
O 

S 
o 

as 

11111 
nttannojttftjMoioio     • 
««««llllllla. 

JS     4»      64*anncaRBfflta      « 

~«     .o      *      •     o.Q.a.o.a.a.a,      o 
m at     xi <v 

j 

ft o 

<a.a.a.a,o.a.a,a.a.Q.a.a. 
(LCMtn^m^oscotho^oir) 
ÜJOOOOOOOO^-«-- 

u 
CO 

CD 

2 

0-0.0.0.0.0.0.0.0.0.0-0. 

1111111111 
cc»i-uiacc« 

xi       xi       x»        1         |         1        *4      -*      * 
-i       »ft        (-       %         %         *          33** 

d    oj    d    a z    z    z    z 

c       •      u      • 
(.          9k        P4         «1 

•a      £      £       M 
c      •      o      o 

I 
4»        3 
• «I 
4?        O 

XI 
c 

<a-o.o-o.a-a.a-a.a- oua^o^rSn^n^s 
UJtDChChChO-chO-D-o- 

I  &  £ 

i   i   R: 0.0.0.0.0.0-0.0. 

H-34 



9 

» 

v. 

CJ* 
UJ 
gp 
*T 

OJ 
>• tft 
O Of 

^6) *w <c •94 

o> «_f 
»—*   Q> •9-4 
~-i   O -*J» 
I       ft- tft 

<«r UL. a« 
<?„ a. 
«f-   Of 
GO  => si 

C= -a 
4V •»-* -*-* <c 

—I c-> 
UJI 

en 
UJ 

en 
ULI 
QL. «n 

StS 
C3  C=! 
<-» a» X9 —< H- a« «—\ CO -h» 

f-Z UJ   u 

<3 h— a« 
.    « 

sn O 
<—» CJ 

CTJ| a« 

u» 
en 

— EC 
u 
• ** 
a. <f 

• 
•> • 
9 +* 
U 
m   «, 
x: CD 
4*0 
o ^*i 

m o 

c • 
9   C 

4»   6 

c-> a« 

i 
CO 

en 

tr* 

6 » C 
"0  6  0 

. u m* 
H   Ol C 4» 
go  nu 

4*   O   • 
a. * t- 4* 
Ul 6 u • 

u f 
CD 4=       < 
M   U   C 0. 

§• m 
U 4» 

A   O   • 
(0 e a.4* 
Z 3 • u o c (- i 
•* 4» 
K C   » • 
« * 4» T> 
2 u — 
M»34l 
U. *   O a« rc 

Z o •* Q 
<co<z 

! H-35 



7T mmmmmm^mmm 

o 
i 

u» 

g 

cn 

a 
m 03 

a _j 

SU 
u. < 

I 
CO 

cn 

a r-I 
CJ 

a» TQI 
•—«• •— a» 
Ok. cn -•* 
*•= LU   *-» 
11 h— a« cn —« 

•—« 
13* a 

-*3 .<-* 
LUj a» «a-l a# 

•*• ol« 
—• •< ••»• 

at 5*- «u *—• «V 
Q£ »— 

c_> a« 
<C -4-* 
a= «n 

i 1 

^5 

CD CD 

cn —«    oo 

s § 

o~o=     cn 

Q a 
UJ UJ 

U O 

2^ 
H Z 

Ui 
UJ 

UJ K 

Is 

O      -I u 

H-36 



w w^^ VT • •• mim^^^m^—m^^^^m 

v.«, 

I 

I 

GO 

CO 

£   •"S 

cn 

<_> 

u»      CD 

as «v 

2 
3, 
29 

4 31 
21 58 s S 

'•. _- ^      ., a cm •——• r^. UJ 

3 
£ 

2 

1 
at 

•*-4 

cn «4- * 
txJ •»-* CD 
QCJ CJ ^j 
Q£ Of N 

£ tfft 
O 

-1 m or s-s OIQI 
CD c: Q h- 

UJ CO 

O -I 

12        ** 

s 

(0 1 
IK 

s 
*     • 

> 
N      - 

ml 
to 

OS 4» 4» 
O -P«   O 
a. 8 
uj •* * 
8 •* • 

M  O C 
I- D 
h- 4» 

U t- 
at • • 
O 4» 4» 
ÜL   • - 

0)      ^ 

sss 
m •+* •• 
h- *»  *- 
M ••*   p 
Z u o 
•-• a u 
U.  a. u 

to « • 
III 4» 

O  •  o 

4# 

4#  3 
O   • 
C   • 

§< 

H-37 



»" J1 rr J~— 

r 
CJ> 

u» 

en ae     H- 

1 i 1 
2!   s 

s 

So   fc 
3CUJ     « 

§ 

00 GO 

€% do) 
a o 
UlU 

IS 
x •-• 
UJ 

UJ 

3S 

<(LQ-XQ-Q.a.(L(LXa.QLCL 

UjOOOOOOOO^^-^ 

0.0.0.0.0.0.0.0.0.0.0.0. 

mm** 
m    *•     a 
o.       •        » 

»4 A O 

c 

<a.o.o.o.o,a.a.o.a. 
UJ        CD 

L       0.      0.      o. _n     ON     o     ~ 

I 1 
0)0.0.0,0. 
W       -       O       ^0       N friSSSfcS?: 

H-38 



•'!•   • TT m  • 

<_* 
UJ 
2» tf"fc 

n* 
> a» 
o a« 

JC» ^0 
<c •flM 

O^ «-I 
~-   6 •~-* 

•-•  o •*•» 

1     f- *n 
^r u. a« 
o a_ 

1    x» 
*f-   cu CD 
CO   => CD 

c= -O 
4px • #-• 

•4-» <c 
DCS   CZ a_ <c o UJ 
-JO 

en 
UJ 

en 

as C3  c: 
CD <_* 
au a« X) 
LU ~^ h—   «U 
as ok cn -** 

BS UJ  «-J 
«Q H— a» 
CO —>• 

•   » 

23* o 
JQ <-* 

UJ 
a* «rt- a» 

•** oil e 
>••••< ••^ 

S1- a*   OJ —• *» cn as 
CJ au 

«n 

m 

s s 
55 S a 
uiuj    a_ 
C5U      K 

•- OS 
u 

» «- 

m m 

lb • • 
.e 00 
4* O 
O <4) 

«I XI 
* O 

3  C 

m <-* 
4»   C 

f • c 
m e o 

h ail.« 
So au 

4»   O   • 
a. m t- 4» 
uj e u • 
K  O -* -o 

W   C 
(0£       < 
-»oca. 
Z - Ui 
H  C 

O XI 4» 

fc> 4» 
U.   •   U XI 

-a   o  • 
CO  6  at*» 
S3  I y 

Cfc.il 
M 4» 
H C • • 
*-«   1 4» XI 

I-« «I 3 4» 
U. •   O 

I" Sc 
Z I 

a < - z u - a 
< to « z 

H-39 

j 

] | 

J   v 



w i^^^^^mm 

i 

i 
CD 

Oil 

«V 

OB (0 > 
Q _J 
UJ < 
Mi   Z 
u. < 
»4 
K 
SI 

cn 

i 

i 
4! CXI 

cn 

S»      UJ 

P 

ULJ ** CD 
UJ 

CD   C= 1               ac 
C-9 

Of "O 
h—  a« 

C3k cn -•-* 
gs UJ «-» 

33 »—   Of 

JW o 
J3 o 
U* «Kl a« 

OI6 -*-* 
»—* -*-• 

«n B*" 
*•* *—. ^» 

OS 

as ii 

5     * a a. 
i   H 
U 

031 GO 
N.  X. 
0 t^ 
01 o 

oJoJ 
Q Q 
Ul Ul 
H H 
o o 

£3 
Ul 

Ul 
Ul I- 

Is 
H-40 



c 
LU 
a» 

C> ** 

en 

So 
Of 

"ex    cn 

cn —« 
t:    s 

CD 
N. 

O 

oia 
Q H 
Ul CO 
H > 
U -I 

< z z < 

cn 
in       C3 

2 

ao 

UJ a 

H •H «4 

* 6 6 
CD V V 
UJ 
ae 

01      ~ 

CK 4» 4» 
O —  o 
a. s 
K -* m 

m 
to c- 
M   O   C 

u u 
04*4» 
Ifc.   • — 

§^> « 
• e 

1-4  •*    ^ 

H *• U 
M^ at 
Zwo 
i- • i- 
Ik au 
UJ • -2 

Ox c I— 
4» "O 

CD m m 
Ul     4* 

a • o 
Z4.a 

u • 
• u 

4»   3 
O   • 
c  • 

Q -• 
Z < 

H-41 



*^r >•   •» T^ 

CJ 

%n 

v* 

2 s 

en 

an 
u» 

S 3er 

UJ —• H-   a* 
Ka CO -*-» 

« UJ   *-* 

a* ur5 a« 

u» 5^ a»  a«      — •» 

-    as 

3 
St 
1 1 
a 

s 
en 

3 

n 
> Q 
«111 

Q u 
Ul UJ 

I 

2 

CX 

00 CD 

o N 

a a 
ui ui 

13 
UI 

UI 

38 

< U. 

a.     •      6     —     UÜÜOUUO      M 

1 

<CLQ.a»XQ-tL£La.Q-Q-Q-Q- 

UJOOOOOOOO-^-- 

I i 
S -«-(xtxoinimoi 

i'i'i'i"i"iT" 
-<       --        C       Q       Q       Q       *        <       **       —       "o        o       -o 
1-        1-        m       Q       Q       Q       *-       *•        «        b        ^      -* 

-O Tl -O I I I — — %- "O £ X « 
••*•£*** 3 3        — C • W O 

-O Ä * * * -O -O 4 t* 
u C        C        C I        t- •      •      « c     x      I a *• - m 

3 £ •*» 3 -O L. 
o «.     I      » c I 
8— Ä O • 4» 

S 2 

UjGD(hOtOfcOk(hOfc(>0'0000 

i&Sfcfcfcifc* 85   %   * 

H-42 



^^ im      • *   • jsm 

c 

i 

*n 

a» 
C* 

** (h 
«ft N 

Q-» V 
O 
V H 

El A 
a. I *** 

•   s^ 
UJ —•       h—   Of 
K o.    en ** 

«      UJ  «-• ^ ^3 

^ 9    S^ 

S3 

QO 

2   3 

u 
• -« 
a. f 

I • * 

O «0 

m o 
* o 

c • 

4»   1 

C m  c 
« • o 

. V I — 
K   • U 4» 
SO«U 

*• o  • 
0L   « t- 4» 
Ulu« 
<r o — T» 

i. c 
(Of < 
M u c a. 
Z - uj 
K  C 

o x> *# 
£ • * a fc 4» 
U.   • I-  -o 

•O O    • 
« 0.4» 
a I M 
c «- • i 

K C   •  | 
g « 4»« 
Z w -• 
— •  o ** 
u.      • o 

CO • 
J 

H-43 



n 

i 
3 
> K 
aco > 
Q -J 
UJ < 

I 
cnl 0) 

^c «*- 
QE • •—• 

^^ UJ 
X «MM 

£ U» 

»— §1 s o 
a« a« 
UJ —• h—  a* 
Q£   *~h en -** 

^5 LU   «-» 
IS H— a« en •—m 

p—« 

29* ^3 
JO CJ> 

UJ 
tft ^o  a« 
-•-* 
—•< ••-« 

>   3 S- 
aj a« *-« •» 

era ae: 
cji a» 

^•^ <C  <4-> 
TJ ac «a 

2 

ao 
en 

S   5 

CM 

s 

ariao 

815 
tn 

o*o 
Q Q 
UJ UJ 
H K 
U U 

13 
X M 
III 

UllS 

Q 

u 

H-44 



v r ^-^^^p» i 

c 
I 

UJ 

a« 

a. a* 

era **- 

cu 

So 

CO 

a-    era •* 
6       LxJ   KJ 

era —* 

£ io     *o a» 

>  S      2E I— 
f-   u»      CD 
a« a«     •—* *tt 

era ae=    i— 
o a« 

3 

CD 

en 
o 

lO LJJ ru5    UJ 

CD UJ • 
v. Q «i 
N *•* «i 
O o 3 \ «1 1-4 fr 
to (E GO • 
O a a h-   . JS 

UJ OS  *»  -P a K z O •»• o 
UJ CO a. e 
K > or Q «•« • 
O -J UJ K P4   • si X • 

0)  C ^ z < o M   O   C 
•*4 Z •*   3 

»- 4* 
bl u i- 
H m • • 

a *» 4» < 
Q 

-1 

8 

u. • ** 
to     N. 
Z "o «• 
O • 6 

K «I-   t- 
*•« -**  en 
Z u o 
** • *• 
IL  au 
UJ   * •** 
O       6 

• 
Q .c  C j— 

H *< 4«  "O 

3 , to  «  • 
* Ö a UJ     <•* 
CO (p V V »- -o u 
X. UJ O • o 

S G£ Z 4» a. 
u • 

x • (- 
* 4» 
oi »   0 

•O 4» 

UJ a 
Q a -*. *4 
Z i M 4»   3 

i- >- D * • O   # 
u u a « > c • < < i 01 —« h 
as u. •«4 1 
K CO M4 

UJ a 
u V* Q   - 

z < 
M a. 

UJ t- H 
K< i 

1 IK 
K • 

3 
CM 

H-45 I >. 



wr 

s 

a* 

a* 

1 

CJ a« 

3 
2 i 
S 

ao 
en 

S  S 

31 
> a 
OB UI 

ou 
UJ UJ 

« 
ÜJ CO > a 

i 

CD CO 

o rv 

a Q 
UJ Ui 
h- »- 

II 
X M 
UJ 

UJ 
UJ K 
*- < 
< o 

§1 
o « 
o 
<M 

ft 

3g 

uyoum*^NCoo*o     » 
«mmaioirtJOJrtrtwo     • 
•j « * « 
C 4» C 4» 
0L » € "• 
-I J3 * » 

I I I I         I I I a. 
CO 09 GO 03 03 QQ 03 *J o u u u u o o K 
ct cc a. a» a a. o- o 

eua.a.a.XQ.a.0. 

a.     a.     a.     a.     a. 
r*     tn     <r     «     co a.     cc     a.     a.     CL     CL     a. 

t>     o     p;     oi     r)     «*     ID 
^^•OIWOIWOJ« 

a     Q     g     a    a    o 
z    z    z    z    z    z 

4* *M 

3 ~i 
• 3 
o * 

TO 
c c 
• m 

m      m     ~« 
A4» 3 
a.      •       » 
~*      -a       o 

c 

ft  & 

ft % <L     a. 3      N 

CL     a. 
o     - 
O      O 

H-46 



iW^aMM*^^ •Tf   '  p m^^^^m ^^^^^^^^m^^m 

r u* 

ut 

I 

—I C-> 

en e*~ 
UJ • ^-t 
H~" *-* 
en a« 
UJ 
GL.   **» 

,_ £t; 
as t_> 

C 

-4   K 
u 

a if 

"3^ 

cn 

en 

u*    *o 

a«  a« 
cn ac 

I 
2 
4 
ä SI !     cn 

SI n 
O ^^ r^ s o 

<_ * g Q 
a 1—« 

Ri£ UJ 

§ 

C!> CJ» 

a. « 
UJ i 
ac o 

00 £ 
*« u z 
i- e 

a 

I» 
U.   • 

09 8 

§2 
k4 
f- c 
l-l 4 
Z u 
—  m 
U. 
a1 

z 
Q < 

IS 
09 
UJ 

x CO 

O 0 

m -n 
m o 
• c 
-« 40 
c • 

* C 
e o 
* ••• 
(•• 40 

o • 
U   40 
U    • 

8 
< c a. -• ui 

O   * 

• u 

9 4» 
• o 
• C 

<§ 

H-47 

bM 



h 

• 

? s 

i 
in 

•m 
*o 
N 
GO 

CD 

or . 
in 
un 

c •« 
< a. 

~m T, O 

CD 

en 
> CM 

en <o 

i to 
cr ooi 
ö > 
UJ  CD 
cr 
< 
Q. 
UJ 
cr 
a. 

o 
ffl  c 

Of » 
3 

aJ<J 
z UJ 
UJ z 
P a 
»- x < a. 

«*t 

en 
LU 
<C 
2: 

en 

CD 

c/j - 

>— o 
en 

>- 
t-  c 

en 

Qü 

1 
(0 
UJ 
-1 
K r < 
CO c- 

> 
0 
u 

• 
CQ in •** 

• u. 0 1 
U < 1 u (- * 
1« c G O ~* a 
• 0 O II« 1 a« 
0. cr t. a CD N in 

c c H 4J c IT tr CM i • -w4 Cf tn m •v+ O (- ** •4J c 0 O a , 1 a 
T* . V 9 tr u CQ Q. 0, nj T3 
tj M 3 u UJ Hi Uf 3 3 »-• C 

cr m < 3 0 CQ 0. LU UJ OJ 3 

TJ  CD 
cz u 
<£ a. 

w  i»      CJ 

a »- 0 z K > > Q Z CO UJ * UJ 

-£ §K UJ Z Z K HUZL       O 
K UJ < <-• * < >     • <-« ^^ K K Sfcd * < tr w 0 O 

UJ LU UJ < KhH         . > 
c+> c_3 • U O «J o            a. z 
<C LU u < 3                ~ a_ a: u. 

1 £ 
<c o o 
CXJ < 

^ CM 

H-48 
St SI SI 



*—V 1 •• v TV 

I 
«cf- 
ao 

CJO 

cn 

en 

-j 
>• cn 
f~ uu 

cn 

II 

a> 

1 i 
si 

CM 

ao 

S 
<r uu 

OIC 
3 

<*0    4. 
cn - 

c 

Old 
3 

cn ** 

01 

Sic 

cn *• 
c 

CD  4» 

cn <4- 
I Ol 

caa ^ 
c_j  en 

H-49 

i 

I 



-wr 

u» 

« 
• 
u 

•HI 

> 
C- 
• 
03 -0 

-0 
r^ 

D 03 
u •o N 

•HI > N 
+* ^H 00 tf 0* 
a ca <r m N 

0* X * 
*r fl u 0* 0* 1 
en c 4 H <r 

< a. M r> 
•—• o a «• »—« c r m c 
.    . •HI #» 

rxj -Hi ^H , +* N 
-o o a «H 

4 in . a n 
**- ad aoi aJ <c *-^ 

a* 

en 

ao 
a* > o 

aß r^ cn o 

a > 
ui n 
a: 
•t 
o. 
Id 
x 

z tu 
Ui z 
h- o 
H- I 
< a. 

<r 
• *o CJ 
-^3 0) UJ 
c= J- 

«n * »0 
f- 

3 
C 

en m u <*. o m 
UJ •-• -HI o c u» a» -o -H) 

Q 01 0» Q •H a» > (- u» 
t"^ > 3 «f T> 01 (Q 3 

C_J 01 CO ^H > •HI u» u »HJ 

PHI cn UJ <1 01 II u u »0 
H- CD UJ a. C o T» tf» > •HI 3 u c 
cn cn 3 UJ Q- o * UJ ^ <9 0i 4» »•^ o •HI < 
UJ LU o 0- u HHI o 01 ^-» UI o ^* c 
H- a. p* o !-• <J> * o t- 0l c |Q 01 

u n . o • o 3 a. «• a •H) 

> <-• „ «, € •o o £ i f- o 
f-   « u * E 3 ^* -HI 3 •w *H| CD a. 3 a c 
a« t- -HI £ 3 •H) 1 u (- c O -H» •H) 

cn • c 3 •H) E •H) •HI 3 1 • *0 c >-• CD 
> Of € o u .O u •o a> ai • 

-—a  «HI UI (- •o (- « (- (- * < 4» -*-» X 

rn -^ u *0 m £ Q 01 a« •HI 0« Q. o Of o a 
S-» ID < ca v U era X X a -11 uji K CD H K 

2 

«I 

1 
CD 
UI 3 
1 < 
CD 

ID 

k 
ai 
> 
o 
u 

01 
4> 

m U. O m 
u < u 1 u 
(- «i «i 
1 r E 4* ^H a 
• Q o 1 1 01 

0. oc *- 3 03 03 N * 
c C K 4* •a cr OC CM 
* <r • 01 (IK C O t- 

•HI ±> c Ö a 3 1 * 
•o m 3 or t~ O ol a. ru •o 

4 ^ 3 m UJ 01 f- 3 3 ^H c 
a: QOJ < 3 CQ cnt a UJJ UJ ni 3i 

H3 

< 
cd UJJUJ 

cn < a 
< mu 

< ca 
cr Li < 

oa u 
as 
UJ o 

CM xix 

< o 
z 
51QJ 

CD 
UJ 
K Z 
CD Ui 
UJ X 
ÖJ0L 

U X 
o 

^   1        O 

C=3J 

<r uj 
QL. C3C 

I- O 

O 
a. 
UJ 

»- > > 
Z Z H 
UJ < - 
»-• OL _i 
j r w 
u O o 

u < 
U. 

O Z CD UJ * UJ 
NUZL       u 

^ < >    . w 

Q- H H . > 
c a- z 
2 — 

cn <t 
N N 

inoN 

< <1<1 
o o o o o o o 

H-50 
ol ol ol o! ol oi ol 



Oil 

V 

*s^ 

CD 

a 
a. a« 

in 

I 

CM 

en 

no 
en 

Ul 

OJ  a* 
en az 

c_j  a*     u_ 

3        SX 

CD 

LO 

cn 
fQ 

e     -^ 

£ "£, DO a_ 
——• 
*o ru ^H CM -* 
5 o o E 6 

. CTI - ai 
s^ 3 's** 3 

2 

1 
li 

CD CD 

CD 

cn 

ru 

1 
QQ 
a_ 

CM _I 

fii >nit 
6 
s. 
a» 

^*»«i* <cl vx 3 
ir> 
o r~i 

**--' i—i 

a UJ ct: 
UJ , | 

ru 3> J UJ, 
1 

CD LU UJ CD 
CD c_> cn m CD 1 

H-51 



r* 

en I 

i 
> K 
00 (0 > 
Q -I 
UJ < ci •-• 
DC 
UJ > 

CD 

<ac «4- 
f** • ^4 
H— »_J a 
X a« z 
tj K 
C3 *n 5 

0) 
H S^ ^3 c • 

Q-> 

a. cn ••-* 
e uj «-• 
m H— a« 
cn ^ 

u 

a«  a* 
cn az 

cj  a* 

2 

I 
Si 
a! 

oo 

\T% 

cn S y 

Si 
8181 
as 
Q Q 
UJ Hi 

s    19 
UJ 

UJ 
UJ H 

US 
Q 

I   9 
u 

H-52 



-2  a iä<§ 
ULI UU 

H-39 

J 

J 

*-* 

> 
a 
a 

a: 
tu 
> 

r 

I- 
UJ 
Q 

UJ 

an 

S 3' 
a_   au -o 
LU 9—i I—   aj 
ae  C3U en -»-» 

es ULI «-» 
II t—    «U 

en —• 

~ SI- 
>   =       2= I— 

a« a«     i—i a2f 
cnoc     i— 

c_>  a« 
—• «ae -»-» 
ra as «n 

S 
& 

Si 
25 

oo 

LULU      a_ 
<CUJ      <c 

• 
M 

«f CO 
CO UJ m 
N a w 
•0 i-t '-4 

o u 3 
N J 94 (- 
•o (T • • 
o Q • 1- . ja 

UJ ae *> 4» 
a *~ X o •91   o 
W to a. 6 
1- > • UJ •4    I« 
U J UJ oe 94    HI 
IU < X • 
"3 Z K (0 C    -< 
Z < a o c 
94 X — 3 

4* 
UJ U   «. 
K ce •   • < a *» •*» 
a u. •    -91 

•a 94 
H (0 v. 
1-4 z -a  m 
z a • e 
M 94 44     It 
-J 

1-4 
z 

44 en 
u o 

K 94 • (- 
UJ LL CL u 
a UJ a 

a 

i» --I 
E • 

Z   »   44 
<r 

K       — 94 4» TJ 
-J to i« a 

t 3       V V UJ *> 
m to t- •o  (- 
v UJ a • a 
in ae z *>   a. 
m u ai 
v • (• 
in 4> 

o •i  id 
•o -P 

Q ae Q       Q 9* 94 

ui a Z        1 M •P   3 
H H 3     «r • O   W 
u u o > C   * < < o.     IM ^4 (- 
ae b. z •W 1 
I- a CO 94 

x Z u O   94 
ui a z < 

»4 a. 
UJ t- H 
1- < A < OS 
Q h- „ 

z * 
UJ •> 

N 

H-53 



^•E ^ •   'Tr ^^ 

CJ 

an 

u» 

GO 

LU 

cn 
UJ 
cn 

H 91 Q Q a Q Q Q a D Q a Q 
J z Z Z z Z Z Z z Z Z z z 
O 
m 
UJ 
X 

o U u u CM * w4 CM (D o <0 1 
I X X X «* tfJ CM n * -0 »Ht c 
00 n 09 03 CM w CM CM 01 CM o •l 

«-* *"* *-» w* »HI *4 *H) .c 
1 i 1 1 I 1 1 1 1 1 1 a. 

JZ 4« E 4* OQ OQ n OQ OQ OQ OB «I 
a.     • E «-« O O u U O O a N 

PM JA 1 01 X a. 0. X X 0. a. o 

a» 

4*1 

u 
a« is 

—i     »—a* 
a.   cn •*•» 
e     u-J <-* 

cn -^ 

*-  a»      C3 
cn •9 

-Hi ^   HV» 
fO d=   no 

CD GO 

O 
CM n( 

Oiof 

2 

03 

UJ uu 

O Q 
UJ UJ 
1- H 
u U 
< Ul 
0C "5 
1- z 
X — 
UJ 

I l 

< a. x 0. a. a. a. a. a. a. 0. a. a. 
a» CM n <r in >o N aa th o •H CM n 
Ul o o o o o o o o T-4 «H) »H| «4 

z 
< 
u 
(0 

CO a. a. X a. Ok x a. X a. a. a. a. 
UJ CM n «• m GO (h 9 V«J CM n * in 
Q H* «N rM CM CM CM CM CM 
OL 
Z 

K a Q Q Q a a o Q a a a Q a 

5 
CD 

z Z Z Z z z z z z z z Z z 

UJ 
0C 

c c • r» UJ o c c • c 01 f- a 
•w •»4 c Q a a «J (0 4» •** ^ o •o 

(- ft- 1« Q Q Q <*- <*- 4 »- 9 PH) •HI 

-a TJ V 1 i 1 •-« fHI <t» •a £ £ X 
••* H u v % * 3 3 «HI C 01 u o 
<t a o «* * *• ill » 3 01 •O (0 a. 

•Hi •HI * » » o O m «HI 4» 01 
"O 

u 
* •* * 

c 
* 

c C 
1 

m 
c 

a 
• 

o 
O «*- •«4 «H| 

z * I» «H| f- -C 

o £ 4» 3 *o u 
o a • «i c flj 
a. «HI • 41 O 01 4» 
r <i •o a. 
a 
u 

c 
• 

01 
M 

cn 

(M 

UJ OE 
J O 
»-» K 
X U 

< < x 
< - 
Q U 

Z 
o u 

< a. a. X X X X X X X X X X X 
X 0* o w (M n t m •0 N 00 0* o VH 

UJ QD * 0> ON t> (h o> 0> 0> 0* (h o o 

z 
< u . 
(0 

cn x X X X X X X X X X X X X 
UJ o «0 N GO 0> »-» CM ^, * «n «0 N 
Q •H 

a. z H-' iA 



••      «m —f a 

r    2 

t-J 

u» 

o- !_| 
m e •** 
o O -•-* 

t    t- u« 
IT* Uu a» 
O a_ 

J|      "C3I 
«*•  a» ao 
QO   3 o 

-a 

en 
LLl 

en 
uu 
au U1 

s C-> 
ry a* 
LU <—• h—  a« 
f^** ex 03 •** 

^B LLl   «-J 
«u H-   Of 

cn JJ 
^^ c> 
Ä 

=1" u» -^   cu 
•4-» OI 6 
•     « -^-« 

>• ^ ^y f— 
P- at t~~t 
OJ a« <—• «9 

cn a= 
CJ   a« ^-* <C ^-» 

«u as a» 

<4-    OP 

u 
• ** 
a. i« 

z 
2 
fli 

Si 
ir> 

• m 

-43 ^> LLl 
•—• _l 

LLl LLl a_ 

<C LxJ <H a- or cn H-55 

L_^ 



9 » 

r 

ex.  a« 

en       u_ 

**» 

in 

cn 

2 

s 
4; 
8! 

ao 

U7> 

Cd <LJ> 

CM P-« J 
e O ^ 

£3> x . cn 
c5 a s^ € . 3 
SNX 

^ - 

"l 
1 

X 
Cd f"1 

*- ^^ ^~ 
o 

a* •—i #•« •—• -1 

*0 § 6 ^^ 
at 

C_J> 
*s> 

a e 

a« m, 
UJ •^m 1 CJ «*- ry CD 
C3j •94 o h— » i-j 

<-> a« 
ru •-« CM —* 

QQ a« o € CD € ^ <o \ o ^ 
<J^ ••-» . cn . a» 

o v^ 3 s^ 3 
• •  cz 
cn 
^g X3 
CD   <u 
•—•  4-» 
h—    «—« ^C 
o  a* LJJ C5>. 
^C •~^ 1 1 
fy ^-* C3 UJ 
Ll_   O u cn 

C-> 

ru| a* 00 ** o -1 **- 6 W-+ >* •^« o V. ^^ cn 
4^ H~ cn . e 

o 3 t^y 
LxJ -» 
Zj 
^ « 
«a: *D <^ 
cn a 1 

UJ. UJ <c 
aa °- 
CM —* CM »•H 

O € o 6 o N. C3> X. , CM m cn 
vx 3 *sX 3 

**! Cd I 
cn 

i 

<c c 
CM 1-4 ^ -1 

u•> O 6 v^ ^ 
r^ o N, cn <^> CN 6 
^ s^ 3 

c=a 
•"^ 
LU fy 

i i—m 

Sr "i 
1 

Cd 

cn Cd § 
H-56 



w «Wi—^^p mm 1 

I 

i 

ao 

a* 

CO 

5 

C2> 

§ 
n to 

> 
Q -I 
UJ < 
•-• z 
Ü. < 

QC 
UJ 
> 

v* 

£-S 

CD 

UJ -—* h—   Of 
Q£ *—» en •** fe: UJ   u 

OS H— a« 
en — 
sv* o 
-° «l" «n rxi  a* 
4-» c?i « 
•M m-^t 

>• => 2? ^~-~ *- tn C3 
o* a* •—• «0 
en • c_j  a« 

Q£   II 

2 

4! 
»1 

CD 

\T> 

ir»     o 

i 
a 

a 
a 

CD era 

<r uj 
en 

Q O 
UJ UJ 

o u 

K Z 
X   M 
UJ 

UJ 
UJ »- 
K < 
< a 
a 

H-57 



tr> 
o 
i 

irs 

UJ 

cn **- 
uu ••-« 
oca *-» 
ae a« 
LU a 
3C a» 

UJ -fr* 
a O 
CD C 
<LJ 

• .? 
h— a* 
cn 

11 
cn 

a«    CM a* 
4-»       CDl 

otol 
O H 
LÜ CD 
H > 
O -1 
UJ < 
-5 Z 
Z < 

«n 

cn 
CJ  as 

QO 

tn 

ITS 

uj a 

< < 
IT Li_ 

x 7 
UJ O •—• 
UJ h- »- < < 1 
Q •- 

Z 
UJ 

a a •» 
z » • 
3 * f o - > a. m * I 

3 

* 
a: •*» «*» 
0 •** o 
a. e 
UJ *• * 

(D CM 
•-<  o c 
1 -*   3 

u  t- 
tr • • a ** ** 
LL • •*« 

a)    v 
Z -D   * 
a • e 
t-t    -.«      (0 
H <*•   fc 
H •*< at 
Z  u o 

U.   a. u 
UJ * ••* 
Q        E 

a ^ c 
z 4» •* 
< 

4»  *0 
cn <• • 
UJ 4» 
K -O C- 
O   * o 
Z *» a. 

u » 
ft fc. 
4« 
• i* 

•O 4* 

4« 3 
O * 
C   • 

u 
I 

(fl 

I 
a - 
z < 

H-58 



TT" •JE    " m    •» -••    •Bf—SI 

i 
urs 

GO 

C_J> 

Ul 

in 
«1« 

QL 

GO 

(XI «4- 
uu •#-^ 

t-j 

CO OJ 
LU 
OL-   en 

LU 4-> 
H— a o 
f>»* CD   (= 
a <LJ> 
a_ a« TJ 

UJ p-^ i— a« 
f>** «71 en •*•* 

Es LU   CJ 
ai K-  <u 

en Z-« 
79* CD 

-° Ql^ tft nj a« 
•«-> of e 
*•••'< -•—« 

> ~3 z: ^—• 
t- in CD 
OJ aj i—i ^ss 

CO a= 
(LJ a« 

P—Hf <C 4-* 
*u ffT no 

11 
> a 
03 UJ 

Q CJ 
Ui UJ 
•-• K 
U. UJ 
•-t a 
tr 
UJ CO 
> Q 

2 
D 
O 
(L 
£ 
O 
U 

Z 

55 
GO 

UP» 

iT>       cO 

CJ> c„> 

cot 00 

q, 
odm 
n in 
o o 
a Q 
UJ UJ 
K H 
U CJ 
<C UJ 
K "3 
t- Z 

UJ 
UJ 

UJ K 
K < 
< Q 
Q 

UJ tr 
-J o 

U. U 
< 

< u. 
< . 

K Q Q 
Q O Q 91 <3 Q D 91 Q o 

-1 
D 

Z Z z z z z z z z z z z 
CD 
UJ 
CC 

a u u CJ ru * pH] OJ CD o -0 ft 
z X I X * n 01 en * •4 fH e 
CD n 0D a 01 OJ OJ OJ 01 OJ o ft 

•H PHI PHI *4 w v4 -HI JC 
m n * « 1 1 1 1 1 1 1 & 
-C 4» 6 4* a CQ CO 03 03 CQ 03 4 
a • € "-« u CJ CJ CJ CJ CJ CJ M -* A fl «1 a. 0. 0. a. a. 0, a. O 

\ 

< a a. X a. OL a. a. CL CL CL a. a. 
a. 01 n <r tn -0 N CD (h 9 *H| 01 m 
UJ o o o o 0 o o O *-t jj *4 p> 

z < 
CJ 
CO 

CD a. a. CL a. a. a. 0- CL a. CL CL a. 
UJ a n ft/ r> CD 0* o «-* 01 n ft" in 
a 
a. 
z 

PH) w4 OJ Of Of 01 01 01 

H a a a Q a a a Q Q a a Q Q 

D 
CO 

z z z Z z z z Z Z z z Z Z 

UJ 
cr 

c c • H UJ a c c ft c at (- ft 
w •PI c Q a a ft ft 4» •p« TJ o TJ 
c- u ft Q a a «•- <*- ft t- » PHI •H 

*o ^ •o 1 I i .-H —• <*- -o £ £ X 
P* *-• p- s * * 3 3 PHI c ft U O « ft o «t <r ft- ft ft 3 ft "O ft a 

•p* PHI • m m O O ft PHI 4« ft 
T» x: 

U 
* * * 

C 
ft 

c 
ft 

C 
ft 

ft 
c 

ft p- 
O 

Q **- •pi PHI z ft ft PHI (- £ 
D £ 4* 3 •o u 
O 

i 
a. 

PH 

ft 

ft ft 
O 

c 

c 
ft 

ft 
4» 

ft 
CJ ft £ 

< a. CL CL CL X X CL CL a. CL CL CL CL 
CL o O -H 01 n <t to >0 r^ CD t> O 
UJ CD O O O (h 0> 0* t> Ch Ch (h o —* o 

PHJ 

I 
o 
CO 

CO 0. 0. a. 0. a. CL a. CL CL CL a. CL a 
UJ •-« o ^a N CD o —« 0J «* ft; to ^0 N a —« 

cn H-59 



CM ; 
09 t      %       %      ft ft   £   i   ft o.     a.     a. B    <    s 

\ 
H-46 

f 

a« 
> u» 
CD a« *—* 1Z3 
<x i*4 

o- «-J 
u-> ^~ •«4 
o O -»-J 

1 C- u» 
ITS U_ <r» 
o a_ 

1 ^D 
«a- a« ao 
aa —• O 

cz ~o 

—I c_> 

CX) 
LU 
I— 
cn 

en 
«a h—    OU 
cn i    • 

•—• 

=3< a 
X3 u 1=3 
m CM   «*» -»-» Ol 6 

•   % • •—« 

>   => ^^" H— 
e-  in C3 
<u   a* —• »9 

CO CE 
«_» a« 

•"• «C ** 

PJ 

8 
. -p 

-a   • 
• •- 

••« an 
«• • 

— K 
u 
• -> 
a. u 

« 01 
•P« u. 
3 - 
(- 
« . 
f CO 
4» O 
o -o 

• o 

2 
I, 
3 

cn 

—«     in 
•^»     i— 

LU LU       a_ 

<CLU       <C a_ or      cn H-60 



wr 

t 

'• 

a- 
UD 

ITS 

ao 

CD 

cn 

**» 

cu  a* 
cn o= 

ai 

• i 

2 
| 

51 
3!    s 
25    5 

U7> 
CD 

CM UJ 

C3> C_> 
<C UJ a. ct: 

CM p- _ 
-1 

CD E CD \ 
CD ^ . cn 

CA S^ E 
m 3 

KS 

<C 

"i 
1 

X 
Co CD 

F- *T" ^— 
CD 
t=n 
a« w—t rH r^ J 

•*•> o 6 V 
as f^* V cn 

C_* 
*sX 3 

E 

«• "J. 
UJ • ••-« 1 CJ» 

C4- Of cn 
a •P4 ca )— 

M CJ 
C_* OJ 

o CM ^* CM FH 

oa a* CD E CD E -» CD \ CD N* 
<c -*^ . cn . cn 

CD ^ 3 v^ 3 
-  -   CT 
cn 
*^*>> lü 
CD   OJ 
•—« -*-» 
1—   «_i ^^ 
o ai UJ

t c5, 
«t —• 1 I 
as —• C3 UJ 
u- o U cn 

CJi 

CD I 6 
CD •-< o^ -1 
p^. £ CD N* 

•*•• CD V o cn 
-ty- h— . cn . E 

CD 3 CD 
UJ *» 
_« 
OL     OJ 
IT  -»-* 
<c ai <c. 
CO CD 1 

"l UJ ^r 
an °- 
CM »Ht ^J- r* 

CD € CD E 
CD N> CD ^ 

. O» . cn 
vx 3 CD 3 

<C 

•l •l 
cn 
<c O- 

CM —« ^^ J 
-o CD E CD v 
r-* o v. , en 
CD . ai v £ 
<c v^ 3 

cn 
•—• 
UJ ar 
—i •-—• 
OL. UJ

1 
1 

1 c» 
<X! C* ^^ 
cn <c CD 

H-61 



!• I ^r—^ TW—w 9    "I • ^^^^••B 

I 
o 

i 

m 

in 

ro 

en 

X 
Q 

oa CD 
> 

O -I 
UJ < 
•-• z 
Ü.  < 
»-« 
cc 
UJ 
> 

— a   a 
en C= 
C_J 

3U a« 13 
oJ F—« |     OJ 
3C CL cn -*-^ 

£ UJ   >-* 
OJ \—  ai 

en ZU 
C3"* <3 

"° 
«l" in n ai 

4-» ol e <—* ^•4 

> ^ Z 1— 
*- in CD 
OJ as >—• o& 

c_s  a« 

as nj 

(0 

Q 

2 
Z 

O 
a. 
z 
a 

E 
o 
(- 

-Q 

3 u Q 

^ * 

flf o 
m 
s 
o 

«* * 01 n 
3s *r N x 

ao • IO 

33 
ir> 

-a 
i— 

O OJ 

O Q 
UJ UJ 
1- H- 
U Ü 
< UJ 
K "5 
H Z cn uj X   M 

~^ 2^ UJ UJ 
UJ 

UJ UJ s= UJ t- 
»- < 

<r uj <c < a a_ ae cn a 
H-62 



I 
LaJ 

cn 
OJ 

LJ 

ui     ca| a« 

•«I 

Q t- 
LJ CD 
K > 
O _l 
UJ < 
"5 Z 
Z < 

cn ac 

Z I 
41    s 

3      ^ 

C 
1 

ULI UJ        OL_ 

<CLU       <C 
0-0=     cn 

CD 

Q X 
01 o 

< < 
<T a. 

K w 1-« 

-1 
D V V 
cn 
UJ 
IT 

> 

CD 

3 

* 
I-    . -e 
(T 4» •** 
O •* O 
Q.  E 
W  *« * 
(E ^ * 

0)  C IN 
« a c 

U   f- 
tr • * 
O 4* 4» 
U-   ti   ^ 

0)       ^ 
z -o m 
a   *   6 
I- <* f- 
H  >*«   Ol 
Z  u  O 
M      J)      (. 
U.  & u 
UJ m ^ 
Q       6 

a -c c 
< 

4*  -O 
CD m a* 
Ul 4» 
h- -a f- 
O ai a 
Z 4»  a. 

U   01 
01  t- 

4» 
Oi   ui 

4» 3 
O * 
C 01 

I 

UJ H 
H < 
< cr 
a h- 

z 
UJ 

! a 

o - 
z < 

H-63 I -. 



TT 9* m 

ITS 

I 

I 

aa 

u» 

ui 

ao 
CD 

Q 
Z 

a 
z a z 

o 
z 

Q 
z 

a 
z 

a u CJ CM * w CM 00 o «0 tt 
z X X * tfi 01 n <* >0 ** c 
fid on a CM CM 01 CM CM CM o If 

«4 •H iH v4 *H v« ^ £ 
«* m * 1 | 1 1 1 1 1 a 
4* E 4* 03 a 00 OQ m 0Q pa 9 
• € ** CJ u u U u <J u X 

43 
Cfl 

• a. 0L a. x X QL QL a 

en C*_ 

LU *w* 
»— i-J 
en a« 
LU ex 
a- u» 

LlJ -*-» 
h— f^l   o 
as f~l   c 
i""i C_> 
a_ cu T3 

LU -^ »—   OJ 
r*^   •—» en •** 

6 UJ   «-i 
in f—    Of 
en t—• 

•     t 

53H a 
-o CJ 

Q ui d a* -*-* ol os 
r—4 • •••4 

=>   =3 
%—  u* n 
a«   oj •—• «9 
en as 

C_J on 

on CD 

o 
cMtn 

as nj 

i 

2 

1 
4! en 

tr> 
i—i 

a Q 
UJ UJ 
H H u u 
< UJ 
OC "3 
f- Z 
X i-i 
UJ 

UJ 
UJ H 
t- < 
< Q 
a 

< 0L a. 0L 0L X x CL CL X X X X 
CL CM m <f in >o N OQ 0* o CM n 
UJ O o O o o O O o 1-* 1-« *•« i-* 

i 
u 
CO 

0) CL a. X CL a. CL CL 0L X X X X 
UJ CM n * m 00 * o i-t OJ n <* m 
Q w4 «^ CM CM CM CM CM OJ 
X 
Z 

r- a Q a SI Q a a Q a a a Q a 
-I z z z z Z z z Z z z z z z 
D 
(0 
UJ 
CC 

c c • K UJ a c c • c • t~ • 
•w4 •*4 c Q Q Q <v TJ 4» •*4 •o o *o 
u (- IQ a a a <*- <*- 1« $m •9 p-t ft 

^ "O T3 i i i —« i-t <4- TJ -C £ X 

^-t •-I U » N % 3 3 •-t C Of U o 
0J • o «• * *• ni tfi 3 ai •o 0J CL 

•»4 P-« » ^ * O O tfl .-« 4» 01 
^ * * * 

C 
• 

c 
• 

C 
*1 

* 
C 

a 
U 
O 

Q M- •r4 **4 

z 1 1 »-« h -C 
o -c 4» 3 •o u 
o 

1 
a • in 

O 

c 

c 
01 4« 

CL 
Of 

in ' 

§ 
n 
m 
o 
^* 
-H 

ni 
< X X X X X X X X X X X X X 
X 0> o w CM n t in «0 N 00 (h o w 
UJ 00 Ch a» Ch 0^ Oh <h (h 0* Ch 0* o o 

UJ LU C3U 
C2 c_> S 
<CUJ oz 
a. as en 

UJ X 
-I o 
X u < 
< X 
I- 
<  . a u 

z a u 

X       X ~    o 

H-64 

X       X 
Ch       ^ 



r ^^ ^—^W 

r 
in  e= 
C=J    CD 

I       $- 
\T* Li- 

OD   3 

_i   £_) 

u» 

OO 

CO 
LLI 

en 
LU 

•x» 

^ CD   C= 
=3 QJ 
3.    CD TS» 
Jj ^-1 •—*  a« 
3=   cx CO +* fe- UJ   *J 

ll ^   cu 
CO --—• 

«ii • 

^n <=> 
XI .*-> Q 
a» re oj 
4-» oi e= 
•   • »—4 

> => •^^"    *— 
t-   ui CD 

cn 
C_JI  cu 

2 I. 
25 

ao 

^     i— 

-o UJ 
—. 2> LU 

•—•        I 
uj LU a- 

«C LLI <C 
QL_ ac cn 

E 
1 

.  (- 

tr o 
O -*» 
a. « 
UJ 6 
K   O 

(- 
cn J= 
1-4    u 
X 
K   C 

o 
tr 
a u 
U.   Oi 

U) E 
Z   3 
a c 

xi  m 

-«cr 

a <n 

•* U. 
3 ~ 
I. 
ft * 
x: 00 
4» O 
O -0 

m o 

c • 
3 6 
U 4» 
«I •* 

•P E 

• C 
E o 
m •* 
U  4* 
at u 
o ai 
t- 4» 
U   Of 
•^  TI 
S 

< 
c a. 
•* UJ 

4* 

Q  a» 
a. 4» 
• u 
(-   01 

h   C «  « 
1-4   « 4* -O 
Z  u ^ 
•-*   M 3  4* 
U. *   O 
UJ   U 01   C 
Q U 

z      u 
Q < -« 
Z CJ ^ Q 
< CO < Z 

CO • 
H-65 i 



***r ^w ^-^m m^*^* 

C 

I 

i 

CD 

a 

en 

u» 

a» 

en 

2 

CD t-> 

CM .-» J 
§ s ° at 
O Ol *s> 6 , 3 
sx 

— _ 

"l 
1 

X 
c* f» 

c- H— 
o 

a« *—• .-« r^ J 
4-» s 6 

at 
C_J 

s^ 3 
E 

OJ I-1-*, UJ ••-* 1 C_J 
oa «4- ar CD 

i"""*! >P4 0 ^— 
_ u 

£-) a« 
CM •—i ru .-1 

CD u» O E CD E _ o v. CD v. 
^c -*-> . ai . at 

O vx 3 SX 3 
-  •   CI 
en 
^y ^3i 
CD   <xi 
•—• -«-» 
1—   «-» ^^ 
t_a  a» LU, •. 
^C <•"*• 1 1 
r>^ *—^ a UJ 
U~    C3 u en 

o 

CDI «= CM ^ *a- -1 
r** £ «—« Nw 
o V o at 

<pt t*-— at . 6 o 3 g—> 

UJ «V 
Zj 
S=£ 
<t   a> ^^ 
en a I 

^ UJ 
<c 

CM ^ en ^ 

g 6 CD 
CD 

E 
, 9 . at 

s^ 3 Q 3 

•l •l 
en 

1 

<c c 
CM «-t ^^ _l 

r*w CD 6 v^ N, 
p^ o V at 
CD a« E 
<c Sv^ 3 

en 
•—• 
UJ ct: 
__j *—• 
^ 3 1 

CD 
<c Ci> 
en 

* CD 
H-66 



Tf 5= 

ITS 

I 
IT* 

I 

00 

en 

^—t 

cz 

en 

z J 
-J tr 
-ilo 
> H 
OQ en > 
Q -J 
UJ < 
»-• Z 
u. < 
tr 
> 

cu 

CZJ 

CO 
-JJ 

a 
3 

a 
z 

en 

en 

-° a " uv *r cu 
-*-» o 
•—Hi •w-4 

> —J •^^~ H— 
*~ UI CD 
OJ a« i—• «9 
en !*>•*' h— 

C_JI cu 
——« <C 4-J 
»n ct= 11 

tj 

2 

3 
Si 
2! 

QO 

<r * 
00 CO 
\ \ 
o o 
OJ n \ \ 
m ID 
o Ol 

QO LU 

<3 c_j 

cn 

Q Q 
UJ UI 

U (J 
< Ui 
a: "5 
H z 
X •-" 
UJ 

UJ 
UJ h- 
H < 
< Q 
Q H-67 l i 



c 
o- 
ir> C_J ¥ UJ 
ira tf» ? a« 

s 

en 
OJ 

Ul 

c_j 

en 

en ~-« 

a»     ^r  a« 

cntr     i— 
t_?  a« 

CO 

-0 
O 
x. 
*Q 
O Ql 

O K 
UJ CD 
H > 
O -I 
ÜJ < 
"3 Z 
Z < 

a 4» 4* a •* o 
a. e 
UJ ••* * 
a: -»• * 
03  C ^ 
•-« o c 
X •* D 
h- 4* 

U f. 
cc  • * 
O   *> 4* 
U.  • ••« 

2 
I, 
4! 
25 

aa 

1- CO V 
»-4 z •o a 
£ a a» E 
M M •*4  ig 
J 

M 
z 

•w at 
u  o 

K M • (. 
UJ u. QL   U 
a D 

Q 

Q 

e • 
£   C 

Z 4* •* 
< 

K *4 »•« 4» -O 
-I CO <1   01 

* D V V UJ 4* 
Q3 CO H •a fc. 
V UJ a 01   o 
in a z 4»  a. 
ni U    Of \ 01   (- m 4» 
o 01   in 

"O  4» 
a a: a Q «•-* •—« 
UJ o z 1 X 4»   3 
K 1- o «• a O   * 
U U o » > C   01 
< < a. OJ *H f- 
(C U. £ **4 1 
H a CO »4 
x Z u •—' Q -• 
uj a Z < *-< a. 
UJ H H 
t- < 1 
< m 

<tUJ     <c 
a- QC     en 

r* 

H-68 V 



TT 
m mi 

c_> 

a» 

ts* 

CO 

en 

cn OJ 
LU OL 
ou in 

LU 4-> 
>— era o s (3   c= 
a_ Of *o 
LU —^ f_    OJ 
rt^ C3U cn ••-* ^= LU   «-J 

n* u_    OJ 
CO ^^ 

Ul 

a«  a«     i—t «& 
cn or    t— 

Oi 

2 
4 

5 

3= 
aa 

ir> 

CM 9       LU 

LU LU 

11 
> a 
a tu 
Q O 
UJ UJ 
•-• I- 
U. UJ 
«-. a 
OC 
tu cn 
> Q 

CD CD 

CM n 

Q Q 
UJ UJ 
f- I- 
u u 
< UJ 
CC "5 
H 2 
x M 
tu 

UJ 
UJ »- 
»- < < a 
a 

CM 

uj ae 
-J o 
u. u 
<if 
<  . 
Q 

cn 

K ö Q o| Ö a Qj «^ Q Q 
Ö 3 Q 

-J 
Z> 
CO 

Z z z z Z z z Z z z z Z 

UJ 
K 

u o CJ (J ni «• ^i CM CD o «0 « 
Z X z X «• m 01 n * -0 *4 c 
m 03 n DO CM 01 n CM 01 CM o • 
i 1 * It i i i 1 1 1 1 & 
£ 4* E 4> a CD pa CO 00 03 03 t 
a * E •—< u U o u u Ü U M 

PH A t Of a. a. a. a. a. a. a. a 
<t ai •o 4» 

i    § 

< a. a. a. X a. a. a. a. CL a. a. a. 
a. CM ra «• m -0 s 03 Ch O i-< CM cn 
UJ o o o o o o o O ~H ** *H <H 

\ 
u 
CO 

CO a. 0. a. ou CL a. a. CL 0. a. 0_ a. 
UJ CM n <«• in CD o o rt 0J n ^* m 
Q VH »* CM OJ CM CM CM 0J 
a. z 

H a Q Q Q a Q O Q a a a Q Q 
J z Z z Z z Z z Z Z z z Z Z 
D 
CO 
UJ 
ac 

c c • »- UJ Q c c 01 c at (- 01 •«- «-* c Q Q a «fl * 4« •** -a o "O 
(- (- a Q a a «^ <*. <Q c 3> •-H •«4 

•o •o •« 1 i \ »4 .—t «*- "O £ £ M 
I—« ^H l> * * % 3 3 ^H c ai u a 
1 • o * * * tfl Ul 3 ai •o <v a. 

•w4 •-« „ * * o o ff »-* 4» a* 
•O 

II 
* «• «• •© 

c 
• 

•a 
C 
• 

C 
>• 
6 

a 
01 u 

o 
Q «w •*4 1—« 

z <• a —1 u £ 
D £ •4J 3 •o u 
a 

t 
a • tfl 

0 

c 

c 
01 

11 
4» 
a. 
0« 

< 0. CL C- Ou 0. a. 0- X CL QL CL CL CL 
a. o o v^ CM n «• m •0 N CD Ch O -* 
UJ CD (h 0> O o 0* O (h (h 0* o o 

—« 
O 

1 
o 
CO 

CO a. a. a. a. a. CL CL a. 0- a a. 1 CL 

1*1 — o 
V4 

o N CD 0- «« CM <• * m N 

I H-69 



J"   '• VT r^ 

>      u» 

CP* l-J 
ü-^ *=• •v-4 

O O -fr» 
1 *- u» 

IT* LL- tu 
O rt 

1 •^3 *^- o* ao 
CO !3 cz> 

er -o 

cn 
LU 

CO 
LU a_ 

OJ 

«- a 
-« QC 
u 

a   u 

2 

r»- CD c= -*ü. 
r*—! C_J 3 ~ 
CL_   cu ^9 fr 
LJJ ^-t fr^ Of a   m 
er:  Q. cn -fr» 1! e LU *_• 

ii H— Oß 
cn zz a -o 
^an CP> a o -° c=a " 

a £ 
^ 4» 

W« *r tu c a 
-fr* O 6 3 8 •—• • ^^ 

>    => 2^ H- fr 4» 
*-   u» i~~i a -* 
OJ    OLi i—• *» 4*   6 
cn et: H— •*« •*« 

CJ> «X« *-4   »-4 
—•* ^c -fr» .  N. 
fJ3 et: rv € a c 
frJ Ll_ CZ3 ago 

••4 fr a ••« 
-4-> »- Ol fr 4* 
^y* • O   QU —* o 4» o a 

i K 
tu 8 
(0 
M 
I 
h- 

tr o 
E 
CD 
Z o 

a fr 4* 
e u oi 
o  ** -o 
fr   G 
£        < 
u   C CL 

c 
O  "O   4» 

a a 
fr 4* 
a fr -o 
-O   o   at 
6    0.4» 
3 a u 
c fr a **" »4 4* 

ao K c a a ^^ M a 4» -o •—• z u •• —--• r*-» M »   3  4» 
"••»»fc r^ lL a  0 
IT» cz> • lac 
O <c • fr 
• a Q o i~' 

r   t »I • 1 1 U - O 
—• LU CD < Z 
CM 9 LU ^^ _1 • 
LU LU s I 
<H LU o 
CL. Cd cn z H-70 



w—^ 

QO 

CM 

*s^ 

CD 

»r* 

o»* a. c-j  a« 
t= <c ~-« 
as as —•* 

cn 
»» 

*nt iT»| a* 
u* ••-« 

-«-» 4ts t— 
•   < 

> Sj LlJ a» 
f- cn _l 
OJ OJ a. aj en 02 

OJ 

21 

2! 
ao 

CM LLJ 
CM > 

C3 CJ> 

cn 

P4     ao 
I 

C_> 

CM H       CM 

CD. 

cn 

CO 

CM 
6 

3 

CM 

5 

CM •-1 CM 
O E O o ^ o . Ol . 
^ 3 ^x 

»I 
cn 

CD 

CM ^4 

s 
CM 
3 

cn 
CD 

CD 

H-71 , 



^^^*m T^l 

t 

i 
«*- 
ao 

a» 

OJ 

cn 

Zl-I 
JK 
JQ 

> H 
03 Ul 

> 
Q -I 
UJ < -. z 
u. < 
DC 
UJ 
> 

CJI 

C-J 

cn 

OJ 

du 

OJ 

03 

cn 

0 a" 
f—   Kn       CD 

cn 
90 

1 
4!    s 
Si    = 

C5> c_> 

cn 

03 ao 

o ~ 
CM O 
v. *x, 
r> *o 
o o 
Q Q 
UJ UJ 
H H 
u u 
< UJ 
tr 3 
H Z 
x i-< 
UJ 

UJ 
UJ H- 
K < 
< Q 
a 

H-72 

MMfl 



• Tl •w^^^**1 

r 
CO 
I 

I 

aa 

LU 

2 

1 2! 
25 

CO 

^.     ao 

CM 

C5> CJ> 
<C UJ 

CO C4- «• ai 
U_l '•-4 CD! UJ 
oa CJ VM a 
or a« o *-H 

uu ex O CJ 
H_   u* 'S. -j 1—« 

O a: a 
LLl •€-» Of Q cr 

•— a o UJ 
ac CD   G Q t- X 
r"*n C_J> ÜJ CD 
a_  a« •a »- > cr 
LU >—• I—  a» U  -1 UJ 
OT   ex cn -*-» UJ < i 

e UJ  «-* "5 Z >- 
ai h—   oj Z < o 
en ZU M 

^»* o Ul 
ir~« .CJ t- 

Q < 
in LT5    Of a 

«•«* Oi 6 — « ••—• K 
>   ^ ^y H— <-i 

t-   ai CD r 
a»  a« •—i »2J •-» 
en cr 

C_J   OJ 
j 

»—•*] «X -*^ 
ai or  TJ H 
«j UL. a UJ 

»94 a 

en 

s 
ID 
CM 
N 
m o 
OK a 
UJ o z 
t- »- D 
CJ cj O 
< < Q. 
cr u_      C 
F        o 
x Z       cj 
UJ Q 

H 
UJ K 
H < 
< cr 
Q h- 

Z 
UJ 
cj 
Z o 
(J 

H *H 

-1 
D V V 
CO 
UJ 
cr 

I » 

> 

CO 

CM 

3 
L 

cr -p 4» 
Q ^ 0 
CL   S 

cr -« • 

(0    CH 
<-• o c 
I -* 3 
H 4* 

U   (- 
cr • * 
O •*» +» 
u. • ^ 
CO V 
Z -a  « 
O  •  € 
»-<•-(. 
Z u o 
n • u 
II au 
UJ     ff    *4 
a     e 
a -c c 
Z 4» •*« 
< 

4» -O 
cn u a« 
UJ 4> 
h- "O   fc. 
a ai o 
Z 4»  a 

u  at 
01  c- 

4» 
Of   * 

•D  4» 

4* 3 
O # 
C «I 

f- I 
Q ^ 
z < 

H-73 i * 



IXI 

o^ K-t 
*r> —-• 
o +-> 
i KT* 

*-> tit 
cz> a. 

1 
^J- ao 
QO o 

-o 
C_J 

-O 

j-Ji «*• 

— So 

-n *-» 

•   ^J5 

•#•   Hfl 

: 

: 

1 
> Q 
03 UJ 

Q U 
UJ UJ 

a 
UJ ifi 
> Q 

S, 

a a 

- z 

*     ru 
CM       C3 
CM     CM 

o      >0 
CM     o 

E       - 
t        • 

< X X X X X X X X X X X X 
X 'i H *• rt -0 r^ 33 F a — m n 
UJ a o o o o 0 a 0 -. —• P4 ^* 

5 
S 
a) X 1 X X X X X X X X X X 

* 
1 * ft m 0- o — CM n *• n ** — m CM CM CM nj CM 

* 

*- I Q" q a 91 91 91 a 9! 91 91 Oj Q 
z 1 z zj 1 2 r z z z z z 

1 
X 1 

CC«»-UJQCCtiC*U* 

b.      -      «     a     a     a     *•     «.      « u      =*    — 
«              «              «                                                                       —              —              *- T3               £               fi 
—      —      k i» 

-—                                  a       o      3 -*      +#       » 
««««««-a «a. 

w                                             C         C         C * 
• *         * C        c         o %. «a                 M 
•            I          -• U                         £. 
£.         **           3 9                        U 
* •           # C                         <i 
—          A           I •                        ** 

I 1 

*%%*-\*%*%* 



1 
• 

r - , . 

' 

1 

1 

1 f UJ 

1 

:    c > a* 
UJ 

^c •*4 

CD- «_» 
ira p= ••—• 
o o -»-» f~ 1 i *- tr» o 
ir^> u_ (U ex 

• o OL- (V M 

i ^3 -•-> o *^ eu ao as N 
oo g CD C_J> 

n 
1 1 ^t$z •P4 v 

4-> <c CM 
QQ (T" tx. *-« 
<C C3 UJ 
_l C-J „ 

UJ 
• 

* 
a» 

. 4» 

, •^^ •**   Ol 
en C4- **»    01 
UJ 

en 
UJ «3 

•^ a: 
u 
til  .-« 

a_ Ul in  (- 
• 

UJ *-» ai -o 
H1" Q    CT «    01 
or 
CD 

CD   C= 
3 ~ a_ a« T3 f- 

UJ .—i H—   a« •    - 

en 

cn +* 
UJ   «-* 

.c CO 
-P o 
o <0 

«I  a 

JJ1 «3 
ft £ 

Q ^ 4> a» IT3   OJ C   • -** <ol e 3   E ——< ^^ 
> =3 •^^ t— fc.  4» 
t- en CD • ••« 
OJ a* —* »2* •P  E 

1 
-T» ar t— •w*    »4 

C_->    OJ —<   «—• 
^-* ^ -*-> V 
ai ar «n 1 m C 

1 
u_i U_  CD t E  O 

•^^ u m -* 
-•-* H Cft c- v 
^y • o » u 

I O 
a. 
UJ • 
CO 

€ 
o 
(- 

o  a* 
J-  4» 
u  a. 
-^ -o 
E 

2 M 
I 

u 

c 

C CL 
«1 UJ 

i    4. a 
o 73   4» 

a»  m 
4» 

u. • (-   "O 

2j 41 CD 

CO 
z 
a 
»^ 
»- 

6 

c 
c 

O   a. 
CL *> 
•    U 
i-    * 

4« 
M   ft 

***^ M 1 4* -a 

^1 CO 
z y 

a» 
—1 

3  4» 
—•w r^* u. * a 
U7> CO UJ II ft  c 
O <cl a (- 

Z 1 
» . . a a < —» 

a ——• Z u ~* a 
-O UJ < CD < Z 
CM :> UJ 

CO 
UJ -i-i Q— UJ 
CS> tj y~ K 
<C UJ ^^ o 
a_ or CO z 

^ 

•^ •jpJVJMiftJVPVJM P^PMI 

H-75 



VT 

r 
a- 

i 
ao 

d_   OJ 

CJ1 

Ul 

*n 

CM p-t _-, 
O E O cz> *v . 
O» 01 *sX 

3 
V 

<c 
CJ 1 

1 X 

OJ 

CD 

2 
4, 
s 

ao 

CM r> 
LlJ UJ 

a 
cz 

cn 
CD   au 

^—    »J 
C_J   OJ 

ce *-• 

~o| au 

a_   au 

CD 
O 

iH 

€ 

3 

CM 

CJ 

Cä 

cn 

^     CM 
E       CM 

>w       CD 

er» 

CM 
fi     o 

ca 

CM •—• 
E 

ai 
0 

v^ 

Ci> 

H-76 



T mm wmm* m 

I 
IT» 

£ 

flO 

no 

no 

en 

no 
C-2 

3s 
> »- 
m en 

> 
Q _I 
ÜJ < 
•-• Z 
U. < 

Ui 

CD 

en 

D 
LU -•-» CO 

1— a  a UJ a= o c= as *z> C-J 
Q_    OJ •^3 

UJ —• I— a« 
ct:  a. cn •+* 

tT77 UJ   i-i 
OB i— a» cn ^^ 

u»      «o 

cn 
*& 

no 

2 
| 

Si 
3! 

CD 

O E 
O O 
a. t- 
r as a •-• 
a a 

ao uj 
CM I> 

Ci> t_J 

cn 

o a 
Ui UJ 

o u 15 
K 2 
X   M 
UJ 

UJ 
UJ i- 
>- < 
< Q 
Q H-77 J i 



TW" ^m^ ^^^^mjmm 

r 

<U 

cn 
LJJ 

at: 

CD U 

OLI 

o. cn-p 
S Lü   u 
oj i—   OJ 

cn —* 

*-   *n       CD 
<U    OLß i—•  oÄS 

cn or     H- 

'•* 2 
a 
21 

CO 

—    or- 

o> UJ 
CM => 

CD t^> i 

(X « 
<t CD 
CD UJ 01 
s B MI 
<t t^ •04 

o u 3 
s _1 IM u 
4 tr 01 01 
o Q OB H     . £ 

UJ IE  4*  4» 
Q K X a «H o 
u cn 0.  € 
h- > tr UJ —  in 
ü _j UJ (£   ~4     « 
tu < X 01 
"3 Z K 03  C ^ 
Z < a •M  O  C 
•-• X -« 3 

>- 4» 
UJ u   f. 
»- K  •  • 
< a 4» 4» 
Q LOH 

K tn    v 
M Z -o  * s O  oi  I 
M M -H m 
J 

HH   -W     Ol 
Z  u  o 

H H    O    (. 
UJ IL   a. u 
Q 

A
N

D
   

D
E

 
th

e
  
 s

 
in

   
m

i 

K       ^ 1-* 49 -o 
-I cn oi • 

<r D       V v UJ         4» 
CD • H -o   t- 
v UJ O  •  o 
tr> AG Z 4»  a. 
ru u » 
N 01   (- 
m 4* 
o 01   » 

•O  4» 
Q tr Q       Q .-*. M 
UJ o Z        1 X 4»   3 
H 1- D     <r 01 O   W 
ü O o > C   01 
< < a.     rn —« (- 
tr u. • •«4 1 
H o CO M 
x Z o >-' Q - 
uj a Z < 

•M a_ 
UJ K K 
H < 1 

2? • 
5 * 

N 

cn H-78 

Ü 



VT 

* c 
i 

in 

s 

ui 

GL. 

oo 

31 
> Q 
ffl ÜJ 

H 
Q O 
UJ Ui 
i-i f- 
U. UJ 
~ Q 
CC 
Ui CD 
> Q 

Z 
D 

K Q Q Q Q Q Q Q Q a a Q Q 
_J Z z Z Z Z Z Z Z z z Z Z 
D 
CD 
UJ 
cc 

a o u ü ni «• *H m 0) o 4 01 
X I X X «• in DJ n <r <i *-« c 
03 a m DO ni CM CM CM (M CM O • 

T-e *-4 »* *-» v-f *-« ** £ 
<l « (Q m 1 1 1 i 1 1 1 Q. 

£ 4» 6 4* 09 CQ oa oa CD oa 03 <fl 
a aj E i-4 O ü o (j U u CJ m 

43 
er 

tu 0. X x 0. x 0. 0. o 
m 

I 

tu 

cn 

cn OJ 
ULJ 
OL. iXi 

UJ *•» 
f— Q    CD 
rt^ CD   c= 
CD CJ 
a_ a» ^3 
ULJ »-^ H—   OJ 
ac •—^ cn 4v» 

t= UJ   *-J 
m H—   aj 
cn 

« 
^jh cm 

-0 

="l" tfl «O   aj 
-•-» Öl Er 
i—t •••^ 

> rj Z 1— 
*- to CD 
OJ a« >—• «35 
cn a=: 

O   OJ 
»—• <X   4-» 
<u Or   ro 
*J U_ cn 

aa oo 

i 

oo 

ir>     o 

o - 
ru o 
m *o 
o o 
Q Q 
UJ UJ 
»- r- 
u a 

CC 3 
H Z 
X *•« 
UJ 

UJ 
UJ K 
H- < < a 
a 

< CL x 0. X CL CL a. X CL CL CL CL 
a. CM n <*• in HJ N 00 f 0 1-» CM n 
UJ O o o o o O o o *^ «« — — 

z 
< 
u 
CD 

CD 0. X X x 0. CL CL a. CL CL CL a. 
UJ CM n * m CD O O «•4 CM n ^, in 
o "-» «4 (M CM CM CM CM CM 
x z 

H a o Q a Q Q Q Q a Q Q Q a 
-1 z z Z z z Z Z Z z Z Z Z z 
O 
cn 
UJ 
or 

c c • r- UJ Q c c • c 0f (- 01 
•M *•» C a o a -o « *J M ti o •w 
(- (- * a Q a *•*- «^ <« f- 7 ^H -»4 

^ ^ ^ i 1 i —• —• <*- •Q JC £ • 
.—« 1— h % * » 3 3 -H C 01 U o 
i m a * * *• t» m 3 01 •o • a. 

-*4 ~• » . m O o Ml —• V 01 
T) 

U 
* * *• 

C 
• 

C 
• 

C 
01 

c 

a 
Of 

o 
Q «*- •** — 
z 41 <• »^ l~ £, 
D £ *» 3 •o y 
O a 01 # c 01 

l -« A O 01 41 
1 

c 
a. 
01 

<J m £. 

e=»     ^-# 

er» 3> 
UJ UJ 

cn 

ni 

UJ cc -1 o 
u. a 

< 
< lL 

< • a o z o u 

< 
CL 
UJ 

CL 

CD 

CL 
O 
O 

0. 

0* 

CL 
CM 

CL 
n 
o 

CL CL 
in 

CL 

0* 

CL 

t> 

CL 
CD 
O 

CL 
O 
w 

CL 
o 
o 
w4 

X 

O 
—• 

i 
U 
CD 

cn 
UJ 
a 

CL 
V4 

CL 
O 

CL CL 
N 

CL 
CO 

CL CL 
^4 

CL 
CM 

CL CL CL 
m 

CL 9 X 

H-79 



wmTT LP   ii »    »' 

r a« 
>• «n 
ex a* 
IQ ^? 
«^ •^4 

O* i-J 
U7» i= <^* 
O o -4-» 

1 f- U* 
ir> Ll- a» 
o a. 

1 ^9 

CXI 
a« g 

cn **- 
UJ -W-« 
h— »_i cn Of 
j-i *=». 
a_   ixi 

^ StS 
B CD   C 

a_ cu •a 

UJ —• »—  a« 
ar a. era *-» 

cn 

u 
• ~ 
a. * 
«  u 

- U. 
3 ~ 
| 
x a) ** o 
a <o 

# a 

»-   w»       CD 
a« a«     —• -^> 
cn ac     H- 

c • 

4«    f 

cn £. 

# * 

n r> UJ —•  j 
UJ UJ 

* Ci> o 
<r UJ «c 
a_ ct: cn 

H-80 



TT ^*m w^^mm^m^^^^m ••• iii   ^qr^PF« 

c 
I 

s 

C_J 

CM .-« ,—« 
O e O 
o» N. . 
o Ol ^ 

3 
v^ 

— 
C-» 1 

cs> 

*/* 

C/l 

*n 

cn 

2 

Si 
41 
2! 

ao 

CM UJ 

«C UJ 
OL-  CÜ 

-       CM 
E       CM 

cn 
CD   a* 
.—• -*-» 
i—   u 

CM 
s 
Ol 
3 

CM 

C3 

UJ CD 

(j cn 

cn 
CD 
C3 

c      ^~ 

ao 

CM 

3 O 

I 
cn ca 

CM 
CD C       *> 

cn £ 
H-81 



rr ^^ 

c 
a- 

o 

ao no 

cn 

-Utr 
ja 
> H 
00 cn 

> 
a -i 
UJ < 
•- z 
u. < 
I-« 

cc 
UJ 
> 

CO 

C3»  V» 

C_J 
3- a« TC3 

ll i—« f—  a« 
it: «—> cn +* 

gs aJ   *-» 
ns H-   a« 

CJO J2 
^JT» a 

-0 

tf» r^  a« 
** Ol «1 

• 'P4 

>• flh ^H   h— 
«- u» CD 
a« a# « «V 
-O • ^j>  a« 

CXI 

^     ao 

Cd c_> 
<t UJ 
OL. Or CXI 

CD CD 
v. *s> 
O — ra o 

oiol 
a a 
UJ UJ 

U O 

^^ 
K Z 

bJ 
UJ 

UJ K 
N < 
<t Q 
Q 

O 
ft 

H-82 



wmm 

I 
UJ 

a» 
(- Q 
CD M 

a* u. 
«V tr 

LO 
CD 
v. 

Ol 

CXI  •*-* 

cr> 

O t- 
Ui 01 
N > 

z < 

UJ 

en ^ 
_j  a* 

2 

li 
ao 

-^     ao 

UJ LU 

<r o 
CD en 
>s UJ *r> • 
aj 
s 
(O 
a 

V 

CO 

a cr a 
UJ o z 

uu O 
<   < Q- 
ccu. E 
H- O 
x Z O 
uj a 

K < 
< cr 
a »- z 

UJ 
u 
§ 

I M 

* ft 
> 

(0 

«I 

3 

g*-> *-» 
m o 

Q» e 
UJ  - * 
ex   — * 

in c - 
~   o c 
X - 3 
K  •* 

u U 
8« • 
u.  • ••* 

•ft —i 

•- *  u 
M   M   Ol 
Z  u O 
•-••(- 
U»    Q.   u 
UJ   *   - 
3      c 
Q £   C I** 
UJ     *» E « (- 
a • o 
Z ** a. 

u ft 
• u 
4* 

a»   * 
t» ** 

**    3 
O   i» 
C   * 

h 
I 
O m 
Z < 

m 

H-83 



**T *^~ wm 

c 
C_J 

ui 

in 

00 s 

11 
> Q 
00 UJ 

»- 
Q U 
UJ UJ 

ti 
or 
Ui 0) 
> Q 

OM 
4-» i 

cn 
LU 

cm a* 

H      S 
CO -•-" 

cn 

**i     r-*. 

u» 

cn 
_J  a« 

2 

I 
3!    s 
2!    = 

—     ao 
o     or 

ao an 
o 
C4 cH 
%. \ 
m o 
o o 
Q O 
UJ UJ 
K K 
(J U 
< UJ x 3 
H Z 
X M 
UJ 

UJ 
UJ H 
»- < 
< Q 
a 

CM 

U~> LU 

C» CJ 

38 
Li-  U 

< 

<     - 

u X i m * —» 01 OD o -C •l 
I *• n aj n * <o «4 C 
03 as m nj ry w Hi ru ry o • 
m m m i I i 1 i I 1 a. 

4* c 4» aa CD aa 00 m o 03 m 
m 6 r* u u u u <J u U M 
n * m X a. X X a. x X o 

< X 0. 0. x X X X X X X X X 
CL "Ü n 9 n 1 K 03 t> o m N n 
IÜ o o 0 o 0 o 3 o —« — * "" 

Z < 
u 
U) 

in x 0. a. x X X X X X X X X 1 ry n * n CD th o pfl ru n * »n ~- M ry rg ru m nj ry 

i 
K Q Q D o a a a Q Q Q Q P a 
-1 
D 
cn 

z z Z z Z1 z z Z Z Z Z Z z 

UJ 
oc 

c c • K UJ o c c • c • u • — -« c a Q a 1 T) 44 •*4 "O o •o 
u (- m o Q a **• *4- * (- ^ »^ •*4 

•o T3 •o i 1 i — —« <4- TJ £ £ M —. »N u * V * 9 3 *m C •1 u 0 
* ft o * *• «• m m 3 « "O • a. 

n 

•*4 

u 

o 

C 
• 

o 

c 
• 

1« 

C 
m 

<*- 

1 

c 
-v4 

• 
• 

O 

| <9 m 
4* 3 

o 

i —< 
<9 

m ill 
O 

C 

c (1 
«1 
CL 
• 

u ft £ 

cn 

< X X X X X X X X X X X X X 
X a* o «-• rd n w ID 1 N CD Ch o t-4 

UJ 03 (h a* 0* o o 0* o O O c> o o 

i 
u 
(0 

(0 X X X X X X X X X X X X X 
UJ w4 o <0 N 00 0> «4 (M ^ * tf) >o N a «"« 
X 

H-84 



TF r~=*C 

n 
C_> 

in 

a- I_J 
in E= •t-« 

o C5 •M 
i *— u* 

ir> U- a« 
o a_ 
i X3 

'**" a« QO 
QO ~» O 

c: -O 
t_» 

t~> 

en 
UJ 

to 

3= CD   cr 
=D u 
JL. a« •o 
JU —-• •—  a« 
3= OL cn -^* 

€Er LU   CJ m t—-   a» 
en j2 
;j» o 
-° 
to r*-»  a» 

-«-* ol e 
mi    | •>—« 

> ^ -^ t— 

*- ai CD 
au a« —• «2» 

as: 

QO 

.—* o *^, ao 
ur> <o 
o <c 
„ „ O 

r    > •——« 
-O UJ 
n z> UJ 

«——• —1 
UJ UJ a_ 
C£» C_J 9E= 
<r uj <C 
QL_ or cr» 

u 
* p* 
a. <t 
* - 

« it 
•- U. 
3 w 
E 
* - 
*» o 
O   4 

* a 
* O 

3   6 

4«   £ 

E * C 
U 6 o 

I—   CM (- 4» 
<r o • u 
O ** o a* 
a. a r- -p 
H   E u • 
<T   o -« n 

(- E 
CD x < 
m u c a. 
X - Ui 
H   C 

o -o •*» 
a: * * 
o  (- •** 
U.   » (- "O 

ü o o 
cn E o.+» 
Z    3 • U 
act-« 
— 4* 
h-   C * • 

Z  u - 

U. * o 
UJ  If • C 
a c 

Z I 
a < ~< 
2 u M o 
« cn « z 
cn 
UJ 

H-85 



7^ 

uo 

ii-> 

w 
c 

-v4 

4> 
4» 03 ••>* «i u 
6 <C •M 

41 TD 

C 
c 

•l-t 

C C O 
o u V» 

•V4 El) w 4J 

4* 3 •""• 'vi 

u 4» in 6 
C7* a* m 3 ••* 

* 41 J3 M ** \ • •0 
O •D w» c a< 
3 • 

* u 
Xi 

o JZ. c »" Tl 
tn 41 fl> •** •w »-* 

*n 
(- M 

4* 
a 
at 

m «l (ft u 
•u »* I at (- w 
3 4* ••4 0 O <D 

c 41 .—* <*• 
O Ol t) c fa 1 m > 1     o -1-4 

o 6 i      t- « 
CD 0 c 3 n -W 

3 u « 0 > .« 
rjl JZ;~ 1       oi 3 

Tl 41 u 

C3 

ac - • 
no 
C*U       ••* wt 

IT"3 
QO 

en CD 

S3« 

•J •«-i r^ t 

M > N 
4J —M Q it» a* 
3 CO t TJ |v ^-» f> X «* 
Tl o O fc 1 
C tl t- <* 
< Q- M in 

o 0 » * 
c X. a c 
u •1-4 -*• 

v4 T-4 -P OJ 
-o o Q Ift T-l 

1) in 3 m 
IX no a. < ** 
a > 
ÜJ 03 

< 
a. 
B 
X 
a. 

z UJ 
Ui z 
P o 
K I 
< a. 

CD 

ro 
ro 
ro 
o 

c 
•n vt 

-2 
UJ  UJ 

<r uj 

q 

•nl 

a: mxl 

«4 1 1 
ml 
en 
ui 
-i 
a. I 
< en 

33 
3 iU. 
m 14 
JZ | 
<n C Ig 1 
e Q o 
*4 et k 
u N -u> 
0 0) • n 

9 a 
g 01 b 
a Ui a» 
H 03 03 

(ft   3 
a* \p 

0*i o 

Io 
aii^io 

* H U| 4*1-0 
•-•I C| c 

H o o °- 
!   i 

o 
r.J 
O 
—» 
m 
•J 
o| 

'+•1 

Iftl 

OK 

in i 
fs. d 

; \ t-l ) i*- 'Til 

1 >-* 
1 at 

N in 
0J o 

1 
b 
01 

-y 0J >3 
< p« c 
(L OJ 31 

K > > 
2 2 K 
UJ < -* 
*- CL J 
j r ^* 
u o o 

v < 
u. 

a z m UJ * UJ 
HUJZa. u 

2    <    > <-4 
-<<ChOO 
OC I- H > 
o            a. z 
3 

«^ 

ai(4Jt 
oi 

at 

I     si 

u 
at 
a c 

in 

uu 

no 
l 

crj 
UJ - 
C=3   O 
CD > 

CO  £ 
UJ o 
t— t- 

< 
> 
a« c 
cn - 

OL 
^—•   | 

u O 
•—• 

4-» O 
rannj 

—^ o 
CZ 3 

!   I 

B 

i   I 

a 

cu 2 
<c o 
cn < 

1 
1 
1 

I 

in <i N no 

! 
t 

1 
1 
I 

ai ai CO ai ai ai 
0 o o 8 o o 
< < < < < < 

'   I !   i   I 
i   i 

!  i 

i 

<l< 

5       H-86 siaaaaasiasisidaaaasi 



TT ^-^^^•^ 

c 
I 

i 

ra 

CD 
CL. CD 

Qe - 

li-5 

en CD 

i 

OO 

Ctj 
CO 

cu r> 
a_ 
zr 
<c 
en 

I 

03 f> 
7- f> 
Q o 
< < 

N| ODl (hi Ol H 
—I *-I «««I nil ral 

H-87 



TT 

m   »128     12,5 

—I      I   "    13 2        

I.I 

iim2.2 

1 

25 1.4 

1.8 

MICROCOPY   RESOLUTION   TEST   CHART 

NATIONAL   BUREAU   Of    STANDARDS-S96J A 



•• 

~o 
. «ejr <M0 h- Q a a 
oo W -J Z z z 
3E "5l    1 3 
cn 

> a 
CO tU 

m 
UJ 
ae 

B K 
—« Q u 
o UJ LU 
r> M H 

U. UJ • • <D 
ir* m Q C c C 
u-> 25* g • • «l 

€ *_ uj cn M M M 

i «^ O > Q c c c 
rü <^_ <=r Z • * 41 

o <c OJ D JO J3 JO 

i -*-» O a o o o 
ir> OJ a. z u u u 
CXI CD c_> £ O 0 0 o 

t—4 O O P4 M m4 
-ffr ex. u a. X JS dB 

1 Z u u U 

(23 C_> o -«4 •w* «4 

<c C3> 
\ 

«J a a Q 
 1 i i 1 

LU _J •o n CM <*• 
<J * » » 

«r r »* t-4 i-i 

z 

o 
cS 
a lO 
00 ao *- h- 
-Tg ,*-v^ Cfl z 
•-Of 

LU '"^^, < D 
v—- Q ru Z ce z 
oc: CD o < K < 
C3 C_3" W <J 
a_ a« -o z CO 
LU —« H—* <u M 

at:  «=*. cn -•-» 
€ ULl *_J 

*U H— OJ 
cn zu 
:=r* a m — «   — — — 
JO o 00 

<c v. »- a Q a 
u* OL* -0 «j 

z Z z 
-*-> s € o 
HHIII« ••-* V cn 

> => "^r I— cn u 
*~   u» CD o K 
a*   a# i—• OK5 

co ae 
C_J a« 

a 
UJ 

——« <C •4-a» w 
no ae: TJ CJ 
i-j ÜU e=» UJ 

• •—i -) at 

-«-» z c 
=3* M Oi 

1 M 

no UJ c 
<= 1- a • • at 
«r < 

Q | 
c 
M 

c 
• 
0 

03 

£ c 
Of 0 

» 
4B 

o a 1- 4P 
<J UJ 

•, 
• 

iT* 

1 

OP ,"*«*B, 
Crt 
ru .—•• 

^^ QO 
CM rZ> UJ cr 
o <c «i a 

cn U. O i 
a •—i < i 

cn& UJ 
«u. 

>~—t _j < 
UÜ  Ll_l a_ Q U 
C2> CJ> 
<C LU <C § H-88 
au ae: cn u 

sn •^7 

w   o 
«•• 
•W4      tfl 

u    «" 
.  o*  a» 

£    Q.«-* 
(Q    ifl    C 

fc.          3 
cn Oi 
O   ifl    - 
4J   w   cn 
•   3  JM 
i BP N. 
O   V   cn 
fc£3 

4=  -W 
U   O  *-* 

C   P '+• 
o •» o 

01 
UJ    —i    4J 

6   C - 
•-^   D   6 
4J                -4 

h c5 —1 

cr o ^ B 
G •w    c* 0 
CL 4>   3 ••-* 
UJ B x? 

ir OP u 
4-> ai 

fjT 01         4J »-* (.   C   1' 
X •^   'S 
•— !• 

o -o -*••• 
cr 01    T> 

9 fc  *» 
X *    fc-   T? 

-O    a    ir 
ril 5  aw -* 3   «   J 
a C   ~   U 
>—i 4Jf 
K B   ,n  i< 
i—• aj 4* *3 
Z u ^ »-* tfl 3 -p 
u. Ul   o 

IJJ II     4»   B 
Q i. 

Z        ii 
a <    -4 

z (j -* Q 
< cn < z 
cn 
UJ 
K 



m vr 

i 
ru 
o 

i 

CXI 

•43 

CD 

1 

1 

mm 
o 

- 

C3 
a-  a« 

-C3i 

in 

:> =» 
t_ in 

era ac 

»n 

t 

rui 
ooico 

rui 
uu ^ 
a ru 
CD to 

en 
«u 

cu 

ruf au 

en 
i— 

«X .** 

to- era 

• i 

II 
m ui 
a u 
Ui Ui 

U. Ui m a 
(T 
ui /) 
> a 

i 

> UI 
-j 2 
< D 
2 tr 
< i- 

CO z 

a 

LTS | 
CO **»*^ 
rü 
ru ru 
***** ao 
ru Oi UJ K 
a «X j a 

1-4    K 
• . ez» U. U 

£ J —• < 
*r£ UJ 

< u. 
*—-• _i <   . 

UU UJ •_ a CJ 
C£> CJ» 3E= z 
<C UU <C o tx. ct: CO u 

1 1 ! 

I 

3* 

UJ 

•-* 111 
u "I* 

.  ai m 
E   a.- 
H   in C 

oi a» 
0 in - 

4»   •»* CT 
<TJ    3 -* 
1 fc ^ 
O   HI CD 

C •** 
U   O *- 

C   <" '4- 
O   * O 

01 

e c — 
«•3 1 

51- 
at o -^{ c 
O •-*  oi o 
a. •*•» 3 
ui c 
ct a» 

-* ». e <* 

U- a» i- T« 

Z   3 
c c :-  at 

H-  C   <«   ai 

Zu — 
M « 9 41 
U. •   O 
uJ   I <H   c 
a c- 

Z       il 
a < ~« 
Z U -* Q 
< en < z 

H-89 



-er 
§! 
en 

i 

10 

i 

CD 

tx* 

C_J 

QL. 

I 

C5» 

goiooi 

rut 
UJ —- 
CD C=» 

eio 
CO 

> a 
DO UJ 

V- 
O CJ 
UJ UJ 

U. UJ 
-4    Q 

UJ CO 

>9 2 
D 
O 
Q- 
c 
o o 

a 

c 
at 
M 

c 
01 

JO 
o 
u 
o 

u 
—t 
a 

i 
w 

a« 
c 
<u 

c 
Oi 

JO 
o 
I. 
o 

•—I 

x: 
u 

a 
i 

«r 

m z 
:- UJ 

•   T- 

< o z tr 
< i- 

cn 
z 

i 
3 

a« 
en 

03 
cn 

tn 

a« 

cni a* 
01 e 

on   a« 
en ae 

*0 

C3 
«^ 

ID 

o 

o 
a 
UJ 

O 
UJ 

z 

UJ 

3  - 

un« 

i 
l 
l 1 

00 i 

•***w. 

C4 ra m 
ao 

ca B 
<=> <c 

lO 

<£ UJ 
a. az 

Q 

cn 

UJ tr 
-J o 

"•a < u. 
< 

z 

H-90 



W-. 

-O ! 
KT no i                 H a c                 a 
ao 9 1                    -J z z Z 
3 ->i 1                    D 
cn 

> o 
I 
UJ 

i ffl UJ £ , N —«-« o u 
o UJ UJ 
z> 

LL UJ • • if uo " a c c C 
uo , K • • if 
w—i € t- UJ to M M M 

1 O o > B e c c 
Cd f- car z • if * 
O <c OJ o A m A 

1 -*-» o a O o o 
uo a» i z (- u u 
GO a O 3> o 0 o 

»•< o o P4 pfl iM 

**= a. u a. £ « X 
I r   - U U u oca CJ> B <pj •** •w 

<3C CD w a a o 
—1 i i 1 

LU J •o o 01 * 
3E"" u * 
«c r PI »< V* 

o 
rü 
<o li-> 
OD CD i— •— 

15 
ru; 

Ji 2 
> ÜJ 
J £ 

LU < O 
1  O ru! z tr -T 
or CD ol < i- < 
CD «LJ • O 
CX- Oß "^3 z CO 
-Jj •—1 «*•— <Oß IM 

ae ca. 

na 
cn 

cn 
UÜ 

ar* O m — « ... *_  — 
i*~» tJ» m 

or *x. h- Q a fl 
CO •5T CD -0 5 Z z z +* o € o _—• 

••-* *K cn 
:> za ZSSL t_ n UJ «- an CD a • 
rXJ <U »—• «2$ 

cn ac *— a 
ej cu Ui —• oz -*-» K 

m OC 1J <J 
«-# C a UJ —• "5 Of 

-4-* Z c 
»4 • I 

1 

UJ 

< 
a 

w 

• 
c 
• 
M 
C 
Of 
03 

• 
c 
if 

o 

M 
c 
1 
m 

UJ 

i a 

: 
i 

LT> 1 
GO ^*, 
ru 
rü •=&r 
""•^ ao 
ru B UJ 0£ 
a <c 3 o 

| I 1 
i . r   I U. V < rm «—• < U 

HO ULJ 
—1 

<  Ü. 

2« 
CO 

UÜ LU •_ 
CÄ <LJ> yj* 

§ <C LU <C H-91 a. tx cn u 

-«4 •/> 

(J     -ft 

w   w 
6    CL — 
•   ll«   c 
c-       a 
9   Oi 
O    ^      - 
4>M   O 

<n  3  •* 
6  u  S 
o  ai  w 
U  £   3 
£   *> 
U   O   « 

C   •"  '•• 
o •« o 

ll 
ft m m 
6 c - 
-   3   | 
**          •«• 

W ^ 
^~ -   X 
tt O ^ c a •*   O 0 
CL •**   3 '«4 

UJ C 4-' 

Q: « 'J 
4» 0l 

rji V           -M 
l-*l p> s * 
z - -^ ~ p 

0  *?  w 
^ Ji   n 3 » ** 
E <V   i-   r> 

A   C    'J 
I ;      x   - 

3 
3    ti     -. 
i - m ^-« M 

K> C     "    H 
*—1 fl>  «1  -^ s IJ    w« 
I-* 0»   3  *# 
u. 01   Q 
aJ :t   « z 
c p 

£          »1 
a < - 
z O p« Q 
< cn < z 

I 



w**^ TT 

en 
i 

in 
i ru 
o 

t 
<c  a« 

c_> 

I 

C=»l 
rui 
Sao 

OJl 
LU <3 a ru 
CD Oi 

*0 
CO 

tsi 

ft-.     «"• 
en ae 

en 

u~>l a* 
01 e 

Uu Qi 

— 

4 I 
> a 
CO  UJ 

Q U 
UJ UJ 

U- UJ 
•-• Q 
QC 
UJ CO 
> a 

s o 
CL r 
o u 

CJ1 Z 
> ijj 
j Z < 5 z tr 

0) 
z 

] 
iT^ 1 
ao 
^N^ 

ru 
ru m ^^ ao 
ru •o 31 o <c 

— h- 

i^ :» UJ 
< u. 

—• -J <    • 

UJ UJ CL. Q U 
C9 <_> 
<C UJ £ § a- ac cn Q 

I 

• • • 
c c c 
• • «1 
M M M 

c c c 
• * * 
.o 4M m 
a o o 
»I s» u 
o o o 

•* •-4 *~4 

£ £ M 
U u u 

•*• •** -*<4 

a a a 
A i 

CM * 

8 

1 

pi 0 
'4- 
•M       1(1 

U    tf» 
.    *    0l 

e  au~ 
i * B 
(-        9 
at a» 
O    V»      - 

4J  •-   cn 
•   3 Jt 
6  u  v. 
o *  w 
U  JT   3 
Ä  4* 
U    O   •* 

C  m r4- 
O   to   0 

• 
H —.  i-- 
s c •* 
* D J= 
4-»                    <M 

<9 - 
H C* 
a; o K. c 
O ••* c o 
X   **    3 • •* 

UJ  c 4-? 

CC    Of u 
40 01 

cn *     ** 
*-<  ftp  c   t> 
Z           "••   ^3 
1—   ;_ 

O  f  -J 
K        It   u 
Q   — *> 
£    *    b   V 

A   O    U 
QQ   ^   a. ^ 
Z 3 • *. Bei.« 
**        ^J 
i—   s   «    u 
—•    <fl  40  "O 
Zu-* 
•1   in   3  *> 

U-        MO 
UJ    1     n   ~ 
a     ft. 

Z        II 
Q    <    -H 
Z U -• Q 
< CO < z 

H-92 

L 



VT 

( 

~a\ 
ool 
31 4 1 
CXJ 

> Q 
1 as uj 

H « a u 
o UJ UJ 
r> 

U. UJ 
_  Q 

=T •      (£ 
e f- ui en 
o O > a 
*_ or t         z 
<x: a« o 

4-» o 
11 CL 

ea c? E 

a_ 
O 

a. a# 

i 
cs> 

r\ui 
UJ 2t a r a 

ce en 

en 

*/* 

a« 

en ae 

u 

0>l € 

C3 

C-J> aj 

•-JT  ZT 
>  UJ 

< 3 
Z K 
< H 

W z 

v. 

o 
n 
0 
Q 
UJ 

u 
UJ 

z 

CO 
CiJ 

?** 

oo £ 
CO C-3 
<r UJ 
QL. OZ 

QOi 

a_ 

cn 

ai 

DJ 

UÜ C£ 
-I O 
Ü. u 

<t 
<r u. 
<   . 

z o H-93 

•mt 0 
<•• 
•*    ./» 
U    •» 

.  «i   a> 
€   a. ^ 
19   IX   c 
fc.          3 
01 at 
0 9   * 
-P   •-.     CT 
•  3 ä 
6  u s. 
O   01   Ol 
U J=   3 
j=  4* 
u   0 i- 

C   '" * 
O   >n   0 

U 
li ~*  -W 
| C-rf 
•w 3 e 
4J              — 

cH —. 
*-   C i£ 
tt  O x c 
O •*« O 0 
a. *» 3 •v4 
UJ  c -u 
Cfc    41 U 

4t 11 
en m     4J 
*« 1» c • 
X       — "^ 
K  ;- 

O   13   ^ 
a;       .11  n 
p **• 
U.  <*  *- ^ 

J3    0     1" 
rji   S   a. -i» 
2 3 1  •.' 
B c u m 
—1                 4f 
h* e * • 
w     .11   4»    V 
Z 'J «-* 
•-1   in   3 -w 
U.         »no 
UJ   II    Oi   B 
a     t- 

Z         it 
a < -« 
Z u - Q 
< a) < z 
to 
UJ 
h- 
O 
Z 1 



-Of 

ao 
CO 

i 

IT* 

i 
ra 
o» 

i 

ao 

I 

> a 
00 Ui 

Q <J 
UJ Ui 
•-• K ts 
uj w > 5 I o a. x: o 

O   TJ 

1 

aaiaoi 

a 
A I 

coi 

ac 
C3 
a_ 
UJ 
ac: 

czu ra 

tn 

en 

u^ 
o 

o 
a« 

• Jl z 
> UJ 

1 g 
< 5 
Z CL 
< J- 

en 
2 

m ac 

m 

CD 

I— 

<c *> 
CC   TO 

11 

1 
UJ 

m 
CO *^*. 
rü 
ra r*-» "^*. ao 
ra 0 UJ X 
0 <x -j a 

*-• H z . , Oi u. u < 
r    1 I—.« < u 

O*  ^ UJ 
< u. • 

*—• _J <  . 
UJ UJ au Q 0 
C£» CJ» i Z 
<C UJ O 
a- ac en 0 

u 
• 
& 
tn 

a» 
m 

•<** 

3 
- 

"7    *C 
if   —' 

•w    O 
'+• 
«4    ji 
U     (f* 

. a 0 
S  a.—« 
n)   tf»   c 
I-          3 
at a« 
O  v»   * 
4t --*   e?> 
«j 3 -* 
I t- x 
0  ii   en 
i-   -C    D 

JC  <• 
u   0 ^- 

C   i."  *+• 
O   »n   0 

• 
1>    —«    4J 

6  C ••* 
—  31 
4«           •— 

0 -4 

1-   B X 
a 0 N £ 
0 •**  0 O 
a. -p 3 •w 

UJ  c -JJ 

t£   H |J 
4* U 

a) 4»     -w 
M v e 9 
X        •* tJ 
t— j. 

0 T>  4i 
X         •   tl 
Oh« 
U.   It   s- tl 

jQ    O    It 
Eg   <£   a. i» 
2  9  •  W 
a e *• • 
k-t                    4J 
K S * • 
M    Itf^ 
Zu—* 
w   I«   3J 
U,        -no 
LU   ;l    Oi   C 
a     -~ 

z      :i 
a < -• 
z u -« Q 
< 0) < z 
M 
UJ 

H-94 



r 
LO 
tO 

ru 
i 

to 

-a 

co 

cn 

I 

i 

mm 

Z> 

CD o 
I can 

«u 

I 

3E= 

OHO 
^OiCO 

rul 
LiJ  —* 
c=t ru 
CZJ o 

I—   cu 

CIO • 
> a 
03  Ui 

Q U 
Ui UJ 
M |~ 
U. Ui « a 
a: 
ÜJ to 
> C5 

5 o 
a. r 
a 
u 

• JT  Z 
>  UJ 

z K 

W 
z 

QC o.    era -*J» 

cn 

u* 

cu 

0O" 
O! 

;>   => 
cu  cu 

Cn ae 

*TI 

CD 

a m 
CJ« 00 

^ 
<u *0 
€ O 
-~< v» 

1— n o 
»2? 

c^>  a» 
ct:  T> 
UL-  1=3 

OJ 

I 1 

1   1 
• • • 
c c C 
• • • 
M M N 

c c c 
• • 41 

JD JO j0 

a o o O 
z (- u U 
D 0 o o 
o «N ** PN 

a. X X JC 
u u u 

••4 •»4 •** 
Q Q a 

1 1 i 
O CM «• 

UJ 

tTi 
CO • ***^, 
CM ! 
ru oo I -^, OP 
ru <o UJ x 
o «x: 1           -1 c 

-4 H- Z 
. g a U. <J < 

CT| < u 
O UJ < u. to 
^-# r> UJ H 

<     . 
UJ UJ a_ a o 
C5» O JEZ i <r uu <*: 
•_ ae cn u 

H-95 

cu 
CL 
in 

n 
'/i 

••* 

3 

n ±z 
••j ._> 

^  o 
'+. 
•<-t   ai 
U   tf» 

. >i» ai 
6  <x-* 
I«  v>  c 
fc.          D 
Ol  01 
o  v>   - 

•tf    w    Ol 
11   3 -* 
6  u S> 
0   ai  cn 
U  -C   0 

JC   *» 
U    O  *-* 

C   <" '+. 
O   >.n   o 

H 
Ol   —•   —J 

6   C   ^ 
«De 
+»     •-* 

cH~* 
H   = Xi 
Ct   O NJ c 
Q •** a 0 
Q.4J   3 ••-< 

UJ  c 4J 
tr  a> U 

*• Of 
rii   4i       -w 
M   ;   :   Ji 
X        -» "3 
t—   u. 

0   T3   -* 
CL         to   1 
a - * u. • ft» ^ 

.a   o   a» 
rj^   •   a- *• 
Z   3   •   -' 
0 c --   i* 
—i           -j 

r-    C   <n    H 
»-*    <t1   -^   "O 
Z   <J «- 
>-*    m    ^   *J 

U.        •   o 
•ü - • e 
^        u 

z      a 
a < - 
z o -* Q 
< cn < z 

1 



www T^ 

-ot 

en zs. 
en 

c 

I 

CD 

LU —• 
ae ex 

en 

u* 

i—   Kf* 
*%>   Iß 
en ct: 

a» 
I 

C2> 

o>i 
ca\ 
GO I GO 
31;—j 

rui 
LU >J 
C3 c5l 

a o 
Ul 
^ 
> a 
ca ui 

H 
Q U 
UJ UJ 
M K 
U. UJ 
M  Q 

=3T» a 
(— tu en 
CD > a 
or z 
a« 3 

-I-» o 
m £ 
O r o 

u 

<  "O 
< 

• • * 
c c C 
• Of • 
N N M 

c c s 
* m •V 

J3 X3 ^ 
O o o 
ftp li c 
o o o 

*H ••4 •Bfl 

JC £ 4? 
u u u 

-w4 ••4 •w 

a Q a 
i 1 i 
n (M «r 

J7 Z 

< 3 
Z IT 

en 
a« 

C_J 

OH <u 
Of 

C3 
^25 

a* 

£ 

ca 
ca 
ca 
ca 
O 

a 

Oh-1 

5 

a    •—• 
*—« ^> 

«E UJ 
GL. ac: 

a. 
<c 
en 

UJ 

ui 

H-96 

'•- 
•w*    yfl 

U   in 
.   Oi   Oi 

€  a.— 
aj  v*  c 
t-          3 
OI  Of 
O   tf»    * 

4»   •*    OI 
•  3 a« 
e u -. 
O   41   Oi 
t- J=   D 
x: •** 
u a *-* 

£   in f4» 
O   i.n   o 

Oi 
Oi  ~<  4* 
t c - 

— o a 
4J                 -4 

•si - 
W   C * 
t£   0  \ C 
O •-* o o 
Q.4J    D ••* 

UI   C 4f 
(C <u U *» 01 
flj a»      4J 

M    1»    C    * 
X        ""* *9 —   *. 

O  "O  -* 
<r      ai ^i 
a u «• 
u. • w ^ 

A    O     1.1 
9   1*4* 
Z 9 • u 
Sei.« 
t-i                 4P 
r-    C   '.*»   •!• 
i-H    (!)   •»   -O 
Z  u ~• 
<-<   in  3 ^ 

It       • o 
Jj    II     HZ 
a      u 

Z        II 
a < -< 
Z U -* Q 
<tn<2 

s £ . i 



•ff 1FP ^^-•»w ^-^^^•i n 

-o 
«=r (MO r- a a a 
oo tß -J z z z 

"ii D 
to 

>  Q 
CD 
UJ   I CQ UJ OS .'" r *- 

V..., 
9 

Q U 
UJ Lü 

U. UJ • • * 
ir> M   Q e c c 
IT* ,, 1ST K 41 01 * «—« e t— UJ 01 »M M M 

1 Oi o > a C c c *— rar z di 8 4J 
C^ <C <u -i 03 49 03 

1 -•-» o Q o o 0 
LT^J a» £ 2 t- t- u 
CD a t_J I ID o o o >—• a O P4 »4 p4 

n 

au 
l 

o i u U 
•M* 

u 
•w4 

3 CP V 
• • a 

• 

UJ < •o 
i i 

ry 
i 

<* < » 
<c tr »* T-* *-• 
:s: 

Ol 
ru| 
c^lir^ 
aaiao r—   r— 
^S'-- :Si z 
C/3IO > uj 

r*»* «J £ 
LU ^ < 3 i— oi ru z cc z 

s CD <0 <C r- < 
<U» n u 

OU <u TC3 z 6 
LU —< i—  a* M 

at: 

co 

to -#-» 
1     OJ 

•• - 

•#• <u> 0) 
-- —     — -- "" 

<c v. K a Q a «** O   <U >o «1 z Z z -*-> —•1 fi o _—« —-* \ to > m s: i— n UJ 
t- O» CD o ae 
<U 1* *—1 o5? 

to ac 
CJ>    ru 

Q 
UJ —• <XZ -4-* H 

TI ac:  «Tj U 
u* UL czz UJ 

•^*i 3 • 

<=>l 

m ( 
ao 
•*^*^ 

Cd 1 
Cd er» 1 
-»»^ a^ 
ru CD UJ x 
o <c _j 0 

. • C3 u. u 
c-i *—• < 

ru tu < u. »-* :> UJ !• 
i—• _J <    . 

UJ UJ au Q U 
C£> <U> z= 
<r uj <c Q 
au are to o 

s 

UJ 

I 
H-97 

—: 0 <*- 
-*4     i/l 
U      '." 
1>   u 

8 Q.P-4 

ni tfl     £ 
fm 3 
C7I Of 
O tfi    - 

4» •w    IJI 

11 3 ^* 
e t- Si 
0 H   m 
c- JC   D 

J= 40 
u o ^ 
c ..n -+. 

Q in   o 

8 
rü -4    4J 

8 c ••* 
•v4 3   £ 
4i •M 

er - 
r—    C i 
tr o '-S. c 
o -* a o 
Q.   4J 3 •~4 

UJ   Z 40 

CC    Oi u 
4J m 

Ül   * 41 
•-•   i. S   a* 
X MI   «3 

i~-     Z- 
0 •*? ••" 

X a* ?n 
3 - 4t 

Lk  a* ^-   t? 
^3 0    *i 

ffl  8 a. -u1 

Z   -^ ,ii   .. 

'—»      w t-    <u 
1—* M 
h- r .n    \t 
M    <TJ 4J   -O 
Z   U 1—4 

t-4   m 3   4J 1 
U. Ui   Q 
UJ   1 1"   Z 
a im 

z .1 
a < PM1 

z u •"•* Q ) 
< U3 < Z • 

CD 

lü i 

i i ^ 
rflL 



TT 

CO 
en 

i 

j 

i 

CJ> 

I 

0>! 

GOICO 

Q O 
-}l 

> Q 
ca UJ 

uj UJ 

U. UJ 

a: 
UJ W > a 

1— en ru 
cc C3 CZ> 
CD CJ» 
a- <u TC3 

UJ —HI V—   a* 
at: o. CJTJ -*J- 

S LU   «-J 
OJ |     OJ 
cn ,—• 

< T3 
< 
tr 

ffl z 
> «u 

1    -J s 
i    < ^ 

Z (T 
< 1- 

cn 

=n o *n 
j=a ,o 03 

nig 
^ 

**» ^ 
*J» o 
• I.-1« •«Ml V. 

>•   =5 9K h— rc 
fr-   «/* CD o 
<u   nß *—m  a& 

en ce: H1 a 
(LJ> a« UJ 

——* <C  -4-* K 
ai at  *n u 
UJ ÜL-  B UJ 

4-» 
-> 
z 

=3* u-« 

*a UJ 
cz h- 
<c < 

a 

**- 
•^ .jl 

U ,n 

.  at at 
So.-* 
U   i" C 

at ai 
o y . 

41 ••>* a» 
TJ    3 -» 
6  u -- 
O   v en 

u  o *-« 

C   t" '+- 
0 '« O 

II 

1 C - 

h- e £ 
a: o 
a •- 

UJ   c 

oa a« 

3 — 

—•  ~3 

a 

fi 
act **^^ 
ru 
rü •—i 
"^Sta or- 
rü O UJ (T a <c -j B 
„. a U. u 
a <—• < 

en UJ < u. 
—« r> UJ *- 

i—• —J <   . 
UJ UJ a_ Q U 
3 u z= 1 
<*: UJ <x: O 
au HE en CJ 

it 
I« 4J 
at - 

Z    3 
d c 

H-98 

0 v 
a. -^ 
* •-> 
- at 

*-* *J 

r—   C    '." 1» 
*-*    f|J   •*•> T3 
Z    U   -< 

U-      • o 
LU    II     • C 

z il 
Q < -* 
Z U -* Q 
< tn < z 

to 9 



TT UP •> 

m3t\ 
CO! 

t 

i 

55 

01 o 
on 

> O 
ca UJ p 
0 u 
UJ ÜJ 
k-4 K 
LL UJ 
W a 
K 
UJ tfl 
> Q 

Ü 

QJ> C=3 

I 
a» 

01 
rut 

""Ife1 '    >- i V T 

•J^IOI >  UJ 
rji j s: 

UJ *^J < 3 
I— 2 CM Z K 
cc CD Of < H 
CJ c_> W 
a_  <u TC» z 
UJ —• h—   <U »•* 

Or     C3U cn -«-» 
€ UJ   <-J 
*n 1     «XJ 
cn •—4 

^y» e ID 
*—• CJ> 00 

Sffl ^ 
w CMI a« -0 

~*~» —*i m 0 
III- « w—* v. 

>•    =3 2: 1— Q 
*_   cn a O 
«3J     Oi -~« a« 

CO QC H— Q 
r^~>   a« UJ 

«Mi« <C -t-* h- 
no CC   *0 CJ 
KJ nc cai UJ 

•M] 7) 
-fr^> z 
::^F» M 

•^ 
ai UJ 
cz 1- 
<c < 

a 

t~ O O Q 
-J Z z Z 
D 
cn 
UJ 
0£ 

01 

c 
a» 
M 

e 
a V at 01 

z c C SB 
D 01 01 

O N 3 —« 
£ c —* 5« 
p Of O JZ 

0 a t- 4* 

CJ UJ 

LT3 ! 
00 '^^ 
cvi 1 
ru r«j 
,^*M. st ru 01 UJ X S3 <c; «1 0 

l-i f- z . . cs U. O < 
r   i •—•< < 0 

*r uj < U. CO 
—1 z> UJ w 

>—• _J 4 
UJ UJ tx. Q U 
CS> c_> ac z 
<C UJ <£ a 
CV ae cn 0 

H-99 

•»K «^ 
u   ^» 
0>    0> 

c a.~+ 
rn in   c 
i- 0 
C* m 
0 \P   * 
4J wt    Ol 

1 3 -t 
s u s. 
0 1»    CT 
c JZ    D 

-C 4f 
u O     T-l 

c in  '4- 

0 •n   Q 
• 

01 —-   4J 
1 ß     -4 
— 3   S 
i? '«4 

r- £ ^i 
K 0 --I c 
O •w crt 0 
a. 4-» D ^1 

UJ 6 4J 

ae Q' U 

•P Ü 

to tt' 4f 
1—* pa C   li 
X -M   t) 
r-" (• 

0 yy +j 

CL It   n 
O U 4« 
u. V —  f? 

-O 0 -y 
rfl >- CU -"•' 
7* 3 l*   u 8 cr —    u 
1—( 4* 

H- c m  an 
—. m -J -Cl 
-r u —1 

1—• n 9 *i 
u. •n   0 
UJ ;l »u   = 
C2 

1 
0 < t-4 

Z u r~i     O 

< to < z 
in 
UJ P 



-Ol 
rr CO 1- Ol                  Crf                  £ 

^ Z                     Z                     Z 

CO > Q 
So 
UJ 

1 ca uj or , J- 
•—I c U 
o u. UJ 
r> K 

u. tu V V                                0" IT* t—. Q r E                       C IT* » =3- cc t 1 11                                       rfc ^—* e t- LL en t M •4                                       hi 
1 CD •=> ^> Q i z -                                       C CM c_ er ~r 

V 1J                                       11 

? <C a* 5 
o Q 

,0.0.0 
000 £ cm 0- Z 

O 
•.tu 
000 

i—a O O •-»                     » •«                                     ««1 

^ CL. U 0. ä                      4B                      x: 
u                       u                       u 

CS3 C_? O ••<                          -»*                          •** 

_J 
C» u a                 a                Q 

1                  1                  t 
n                 ru                * UJ < -o 

s: < to " 
<c or **                                     «4                                     wri 
z 

o; i 

• 

~ui 
oJtr> 
^3)001 ^~ l— 
3S * •--,,. j •ji -y 

~nicr» >• •J 
ru ,,j •tr- 

UJ ,^ < 3 
r— en ru T Or z 
or CD O < 1- < 
C3 <LJ» Cfl (J 
o_   a« •o •~# to 
UJ —• J—  a* ** 
ctr  cau en -*J» 

<3T UJ   «-J 
ra |     oj 
en 

 a 

3** o in .. *                       --  * •                             —   — 
J3i .*-* OP 

SC v. h- c )                     c :                    Ci »*» cr>l a* -0 -J 2 ;              2 :               z -*^- —*i e t~\ 2 
•—••• - •—• N 3) r> :=> s:s— a UJ 

JL.    tXi CD ol or <u   <u >—« •»<? 
en ae: 

CJ» a* UJ 
•—• <c -^ W 
TJ cc:  a? CJ 
«-J u_ era UJ -•—• ^ cu -l-> z c =s* *— 1* 

• lit 
M 
c nj UJ 

cr H a • a a* <C < 
Q 

z 
z> 
o 
a. 

C 
ai 
N 
e 

C 
1 
3 

CD 

i s: ai •a J= o 03 r- M 
1 
i 

u UJ 
1 : 1 1 

tf"l 
i I 1 

i 
i 

CO J ; 
*^ta_ i 1 [ 
ru i 
ru en 1 1 ^%». O-l 
ru •oi UJ X 
CJ <c; Z3 

M N z 
• - cr* u. U < era i—i <r u 

u^» UJ < X cn ^* :> UJ K 
*—1 < 

UJ UJ O- Q J 
<J> c_* 3ET z 
<C UJ <r 3 H-100 
Q_ CKC en -> 

•-*  tft 
U    'fl 

.   <l>   a 1 
£  a-H 
m «• c 
C-         3 
Ol  u 
0  Ü»   * 

4J     -<     rt- 
TJ   3 -A 
6  t- v. 
0  ai   01 
t- J=   - 
Ä   4J 
!_'      O    r- 

c   <« >- 
O   -n   O 

ai 
11  —   *o 

S   B ••• 
•^3  1 
+*       •-« 

^ -^ 
r— s ad 
ct O  -M C 
0 
a. 
UJ 
CL *       Li 

•w    1 n 
m Of          4* 
—4 b   w    A- •^ — r? 
f^ !• 

^t  •*?  -^.' 

or -11   n 
a 1.  4f 
u. H   ^ -q 

O    0    It 

i5 *=   ci. •*? 
zr 3   -It    j 
a C   k   1 
t—1 •W 
;— B  *   i» 
—1 <n 4$ ^1 
z u -^ 
»-j »ft   3 ** 
;x ifl 0 
UJ II    01   c 
LJ >— 

Z       II 
a <    ~4 

z u ~* n 
< lit < z 

u:; 
UJ 
H- 
O 
z 



W*T ^ 

s- 

C 

-O 
«r- Q o 1- a s o 
ao to -J z z z 
9 -} s 
cn > a UJ 
i CQ UJ S 

Q Ü 
o UJ UJ 
:> 

U UJ • • at 

IT* ~ Q c c c 
\T> S3* tt • • 41 
»—• is fc_ UJ cn N M ** 

1 o O > Q c c e 
OJ t—i c»i Z • • 4* 
o <r:   a* 5 XI -O 4) 
i -«-ü o a o O o 

ir* ai a. 2 (- u (~ 
QO CD CJ> E D 0 o o 

o o m* w* P4 

*t= a. (J Q. M £ *c 
I r u U U 

CQ C_3 0 -p* •9* t-t 

<c C5>l CJ I i 
a 

( 
UJ <c •o n N * 
ac < » * « 
<x: a r* ^ w* 

z 

oi 
rvji 
oiLn> 
CJ3IQO r~   <—• 

'JT 2 
siicz> ;*- U| 

r.j —i £ 
UJ ^ 4 3 

i— a rvi z tr z 1 
ate O O < P < 
CD CJ» U u 
a_ <u T53 2 cn 1 
UJ *—4 1     <U *-» 
ae «TV 

€= 

cn 

TF
S 

lle
ct

 

^y» o tn — — « — -• 
-*=a C_3 03 

<C| V K Q a a 
tr* *3~< OJ <l si 2 z z 

-*-> o •—• -•—• N. CO :> =5 Z i— n UJ (— *r» CD o at 
a. Oi —• ^>j 

cn ae |MM Q 
<LJ*   a« UJ 

«—i <C -4-* r— 

*TJ ac:   tj U 
•-_» Cu a UJ 
pnI 5 * *-> z c 
=y» 1-4 a> 

- •• .i M 

a> UJ c 
cr 1- a • • a> 

<x: < 
Q 

1 
c 
«I 
N 

c 

c • 
P4 3" : 0 0 fi 

! o a K 4f 

u UJ 

1, 
iTU i 
CO %l*^. 
rü 
ru •!^- 

o* 
ru o« U| CL 
O <c j a 
. . CD u. u 

CD •—• < 
o UJ <r u. 

^« z> UJ K •—« _J < 
UJ UJ a_ a u 
C» Q-> ae: z 
<C UJ <c o 
a_ ct: CO u H-101 

• 
a. 
Ul 

a» 
tß 
m 

3 
7 

"3   -T 
>   ••-' 

-    O 
'+- 
w     Jl 
U   Wl 
at  ai 

I Q.^ m 
to    £ 

l~ 3 
OI • 
o V»    - 

41 -«     OI 
tJ 3 J* 
1 C-   Si 
o Oi   cn (- sz   D 

«s 4f 
u O     Y^ 

^" in '*• 5 •n   O 
0) 

a« M   4i 

5 c  •« 
PI D   £ 
4f 

r—    Z ^i 
K   o --I c a - a o 
a. -w a •Pi 

UJ  c 4* 
cc ai u 

4J 01 
rjl   a» 4-' 
****     —• C   u 
2 w   -3 

i—   i. 
O ^3   *>* 

C V     1 

C   - +J 

x  • -   -3 
.a D   'J 

fjl   (f •JL —- 
Z   3 li      .- 

G   = —     'J 
UM «f 
r*"     Z n   • 

-4 .-ri -iJ   T3 
Z   u •—i 
t-4   in 3 4* 
ul. m   o 
UJ   ;l -J   C 

5 ü 
z a 

a < M 

z u - Q 
< cn < z 
• 
| 
§ 



c 
i 

I 

-o f    1 
**i     1 col X 
en 
i 

~~* 
o 
:> 

CD 

U_l — 
at:  o. 

i£ 
»n 
en 

en 

t-   is* 
OJ     «XI en o^ 

i 

UJ 

rai 
ggipo 

rui 
UJ — 
S r.j 

> Q 
as UJ 

Q O 
UJ UJ 

U. UJ 
M a 
a 
uj en 
> o 

z 
o 
a 
a. 
r 
a 

w 
UJ 
as 

o 

o 
o 

en 
«u 

a« 

50 2 
> UJ 

< D 
z a 
< K 

Z 

c 
a 
M 
c 

-o 
o 
t- 
o 

u 

a 
i 
o 

a 
i 

ru 

at 
c 
<U 
•M 
c 
ai 
-o 
o 
(- 
o 

CD 

HTM a« 
—«I € 

C3 

cz 

m 
CD 
v., 
N 
o 

Si 
c 
UJ \- 
o 
UJ 
-1 

Z 

UJ 

3 m 
UJ 

Oi 

at 
c 
a* 

—H 

a 

c 
a« 

G3 

-*    l/l 
•j •* 

• -v at 
c   a. — 
If   <0   c 
•-           D 
oi a» 
O   I"     .. 

*> •*  en 
•0   3 -* 
6  t- S 
O   at   en 
B- 45   3 

-C   4J 
«J    0   i— 

C   '."  '+. 
0   '"   o 

'It 
0)   p4   JJ 
6  C - 

•"*   3   f= 
4*             « 

1— = J!~ 
a. O N t c 
o •»•*   o 0 a ^   3, U< 
UJ C      , !*> cc a. '-• 
CO  * 

in i 
CO 1 
rü 1 i 
r«j j 
ru a er»! Uj  C£ 

J 9 
cbi 

a 
»—4 < 

<Cfc ^ UJ 
UJ 

UJ UJ  i a. Q ü 
Z o 
o 

•a: LU <C 
CL- QC cn 

H-102 

0 -? -w 
K • m a f— 

^ 
U. 1» lb ~o 

-a o Q> 
*i? c a "V n („t 

9 ~ It 
b-4 4* 
r— E n it •-^ n W ~o z u —4 

1—1 m 3 41 
u. n 3 
UJ 1 it 
a 

-T s- 
1 a <£ "^ 

z u _ 1 Q 
< i • « Z 
CO 
UJ 
H 
o 
z 



wmmmmmm 

-oi 

K 

«sr 1 i Ü O ao 1 co ^3t 1 ->l 
CO 

> 0 
1 a UJ , V- 

*—• 0 0 
«3 UJ UJ 

=> 
U. UJ 

ira «- a 
ir> ,, ^x a 
w—• Gs *u UJ GO 

1 CD 0 > D ru *- «X Z o <c a* 
0 

ir> ro Q_ 
DO <U> Z 

0 
4t= au 

i 
Ü 

CQ 
<C C5t 
—J 

LU -J •0 

aEZ u 
<C r 
32 

Ol 
r*j|     : 
CD'tr^t 
aoiaal r-   '— 
"^g [ ''X: CO z 
-JTMOH > UJ 

•rvii V 

LU ^j 3 5 
H—• a rü z a: or CD ol < 1- B CJ> u au a* 2 
LU I— a« M 
ae: a. tn -*•* 

€ LU   «-J 
*TJ I     OJ 
cm 
=T» CD n 
XZ$ ,C-3' 00 

^ s. 
V* -a  cu K 

4-» —I e O 
••—• ">. 

>- ^D 2: 1— n <— t« C3 0 
CO CU •—1 a£? 
cn o=: h— Q 

CJ»    CO UJ .—• <r -*-> *- as or   *TJ u «-* LL. C =) UJ 

\J-J ! 
00 | 
***^ i 
r#j 1 
ru » **»>. c^l 
r#j 0*1 uj a: 
0 <c! 3 a 
- - a u. U a 1   « < 

ao LU < u. mm ;> LU *- «—» 1 < 
LU LU a- a u 
C2* C_> z 
<C LU <c a 
a. ae en 0 

a 

en 
UJ 
a. 

I 

H-103 

•M   ai 

. a  a« 
£ a.-. 
•V w»   c 
f- D 
Ol Of 
0 7*- 

•U -   Ol 
T» 3   •* 
6  u v„ 
O   4)   CD 
b «C   D 

U   O 1-* 

C   '.» •*- 
O   '.n   O 

H 
a< -« *-' 
E C - 
-De 

• o g c 
0 <•« a o 
1 ^ si 
UJ  6 

07   1» 
i< 

a ^ *? 
1L   *   w   1 

•JJ  f  a -•• 
ZL   3   a»   j 

K e ••» 11 

Zu-* 
M    in   9 4M 
a.       '^  o 
ai  N   T   _ 
a     u 
l      1 

Q < - 
Z  tj  -4  Q 
< Cfl < Z 

1 



V 

try 

I 
r«j 
o» 
i 

QO 

LU —« 

cn 

to 

•x»   «x* 
CO ct: 

cn 
i 

I 

LU 

Ol 
rui 
03100 
3K' 351*-1 

CM | 
LU  — a ru 

cn 
a* 

CD 
I—•   o^J 

(ft) A 
mi 

> a 

Q u 
UJ Ui 
M K 
U. UJ 
•- a 
a: 
UJ to 
> Q 

5 o 
Q- r o 

LJ 
TJ 

fa" h- 

ai 

1 

1 
LU 

if* 

i 
1 

! 
ao 

1 

ru 
1 
1 

ru pNte 
Ol 

ru OM UJ ir 
0 <c! _j O 

— t_ z . . Q U. u < 
a 1 i < y 

a- Lu < u_ CD « ;> LU »- to«« —J <   . 
LU LU ex. a u 
CS> c_> zz: T 
<n LU <c O 
a_ aer cn O 

•w t/i 
U    W 

•  a/  a» 
e   ä •-* 
1*      tf>      w 
1.           3 
01 a» 
O    in     - 

4» •*«   Ol 
<0   3 .* 
I   fa N. 
O   li   cn 
C a:   3 
j;   4* 

•j    0  ~ 

C   P  '+- 
0  tf  0 

K 
•li   —   —•* 

e s — 
**   D   c 
•p     — 

cH •*•* 
}— =  3Lj 
ct 0  X   C 
0 -**   £r 0 
EL 4>   D •»•» 

UJ c 4J 
C£ 0i IJ 

4*     1 a< 
to 4)         4f 
«•• fa    £    V ^^ M    *? 
h~ w 

0 *8 4* 
X If    tl 
0 fa  4* 
Efc 1»   i-   *J 

J3     O     % 
•n =£    x —•• ^» 3   *   y 

C   -    ft w 
k-( -—•* 

r" C   •n   I» 
•—I <tj 4f  -o 
T U -* 
1—t m 3 v 
i- ui   0 
Uj 1   • S 
a ^ 

z      ;i 
a < ~. 
2 O -« O 
< to « z 

H-104 



-Ol      I 

CO 

CO 

c 
i 

o 
i 

CO 

-I   =* 

oi <n 
t-i on 

or 
CD 

OJ 

CO 

v* 

co as 

no 

no 
cr 

a_ 
i 

C5> 

rvii 
03100 

coi~H 
LU ^* 

C3 O 

> Q 
QQ  UJ 

I- 
o u 
UJ tu 
M K 
U. UJ 
M  Q 
tt 
u in > a 

o 
r 
o 
u 

-I 
u r 

^ 

i 
i 

a« 
CO 

t—  a» 

GO  a* 

CJ 
o£? 

Or   no 

ir-» 
CO 
^^» 
rij 
ca CO 
*^% s 
C\J Q a «x 
i. a a «—« 

O UJ ru :> UJ 
>—-• —J 

UJ UJ a_ 
C£> C_Ji EC 
<c uj <t: 
OL-  • CO 

•JT  Z 
;- UJ 

•   «r- 

< 5 
Z cr 
< K 

w 
z 

!   i 

-j a M K 
U_ U 

< 
< U. 
< 

8 i 

UJ 

Qi 

1 

§ H-105 

v </» 
•»* 

3 — 
;• 

!3  JB 
i  -J 

•w    Q 
r4- 
--*    ./• 
U    ifl 

.    1i    Of 
e  a.-* 
»0   i^   c 
f-          D 
at ai 
0  <*   - 

•w •-*  w 
*   3 .* 
e E- v 
o m w 
u X 9 

JZ   4* 
y  o •»-* 

C   >" '4- 
o •« o 

a> 
K   «4   4J 
| C ft 

-P4    3     S 
•i»         mm 

cH- 
1- c tf 
a: o s c 
o -* o o 
a. 4» 3 wl 
UJ   c ±J 
x  ai V 

4* m 
'Jl    41         4J 
MUCH 
Z      - -s 
i-  h 

O  "O  -J 
X        ai   *n 
8   - 4* 
a_  <ii s» ^ 

4t  ©   • 
'JT   |  a. 4# 
Z    3   *    '*• 
OShl 
*-*                    4J 
r-   C   *   • 
»-*   11 4* T5 
ZUM 
M   W   3 44 
U.        «no 
||   IS 
a      b 

z     ;t 
Q < -. 
z u - Q 
< CO < z 

05 
UJ 
K 
O z 



c 
no 
IT* 

I 

o 
i 

irai 
CD 

G£Z 

CO 

tn 
i 

- • 
o 

- S3* 

o 
a* 

CD 
au  a* 

en 

tn 

a*   oj 
CO ac 

a> 

75 

i 

o»|ml 
03tCO! 

Q c\j 
CD oi 

tn -«-» 
LU   «-» 
I—   a* 

~-«l m 

CD 
•—• <£& 

a;   «n 
Uu CD 

ir* t 

CO *-«^ i 
ru i 
ca or* "*^fc CM 
r«j O! 
o <c: 

ru>    tu 

<* ULJ 

ex. 

en 

CM O P 

Q U 
Ui Ul 

M Q 
ct 
> a 

Z s 
o 

o 

# z 
> ui 

< 5 z x 
< »- 

Q| 

j a 

< 

a & 

h~ Q a a 
-J Z z z 
D 
tfl 
UJ 
X 

* 
e • 
N 

c 
a • Of • 
9 c 6 CQ 
D • • 
O M 3 m 
0. c -M 3» 

r If o A 
a • H m 
u Uj 

'W 0 
'4- 
•wl    • r* 

U    V» 
m ii 

£ CX •"• 
Tl in   C 
•y 3 
CTI • 
0 tfl     • 

4J -••*   Oi 
«J 3 •* 
1 t- N. 
0 *   en 
b -c   3 

-C 4P 
w o *-« 

c tn '+. 
o 

1> 
11 «-4   4f 
f c •-* 

w* 3 e 
J-? 

si«« 
,— c •M 
K o --I c a «4 0 o 
OL 4J 9 •M 

LU c 4f • ai u 
•p Of 

tfl n 4J 
•—* u. g    V 
X -I "J 

K it   -n 
O    b   4J 
Ui  ii |a ••3 

-3 o *• 
w s a. •tf 

S   3 ai i.» 

S e (• *J 
•-4 If 
f—      g n •i* 
NH      -fl •4* "»3 

Z      U w« 

*—   tn 3 —3 

it, in '3 3 .: •a s 
•—' 

•^ ', 
Q < P4 

Z O —* Q 
< W < Z 

(0 
UJ 

H-106 
§ , 



TT 

(" 

-Ol 

ad CO 

en 
i 

>—* 
i ru o 
i 

CO 

CJi 

cx. 
I 

CD 
can 
cu 

a» 

Ol       I 
oiu~j| 
COICOI 

Jill 

a 

> a 
CQ  UJ 

I- 
a CJ 
UJ UJ 

U. UJ 
**  Q 
C£ 
UJ W 
> Q —r 

o 

o 

> -.ii 

O. Q 

a 
2 
O 
O 
a. 

a 

u 

gg 
2 

H- a ru z or a ol < 
CD CJ» au cu 
UJ —- »—»   cu 
ae c=x CO -*-* 

€ UJ   *-* 
*o H—    CU 

CO 

;j^ CD in 
-cai .O 00 «r N. 
U* oi cu r* -•-> r«j! S O ——* •Mi N. 

>•   => ST 1— n *_   tn CD ö cu  cu *—• <£& 
CO OB »— a 

c^j>  cu UJ *—« <C -*-» *~ 
<TJ or  no CJ 
«-J u_ a UJ 

UJ 

i 

UJ 

u-> [ j 
CO 1 
^v^ j 
rij t i 
ru Ol 25 

j 

ru UJ CE o <c! J p 
- - era u. Z 

~   ö »•—• 4Z 
ru uj 
ru SS UJ 

< u. 
t~« 3 < 

UJ UJ ex. Q CJ <J> C_> 1 <C UJ <r 
CX. C3C CO u H-107 

- g 
'+• 
--* I/I 

U    \H 
.   4»   It 

e CL~ 
tl  w  c 
'-           D 
Ol  3| 
o  m   , 
4# «p* a 
*   3 .* 
e u. ••-. 
O   11   w 
- x:  D 

j= 4J 

wo** 
C   »n '+• 
0     n    O 

U 
11  -H   ^ 
8 C •« 

••*   3   £ 
4J           ._ 

r^j .—* 

i-   = X 
K   0  •- c 
O   -«   of o 
a. -p 3 -p^ 

UJ   c 4* 
t£ n u 

4* 1< 
W   «       -w 
N - :  tt -^*« 
—             «   T? 
r—    1~ 

0  ^S  *•> 
i;       t A 
O •> ** 
bv • — ^ 

-3     3    K 
ffl     5     JL 41 
"•*     *•     n *£>    -•    -it    ^ 

KM                          ^J 

K e * -o 
*-«    'TI   4J   -^ 
Z   U  - 
H   fl  341 
U.          no 
UJ :i   > c -^ 
UM                 Ä 

"*            • «.         11 
Q < -M 
Z U -• Q 
< cn < z 
en 
e 
1 



fr m »V-J 

r 
try 
i 

ru 
i 

CD 

UJ   t- 

4-> 

ac: 

(— 3 
CD UJ 
GX. cn 
cu —'I Cfc= LJJ! 

:> cz 
c- o CD 
«X« 2Z LxJ 

cn l— 

CD 
a> a_ 
u UJ 

• *-« ae: 
-«-3» 

=3* h~ i 
.—• CD 
*B 2= 

CZ 

CD) 

CM 

O 
il-J i 

CO i  : 

er» 
r»j UJl 
Ol i—| 
•"•**,, 
öl s 
0 Jr=*" | 

<c 
CD 3T 

?3£ CD »—• 
»—« >— 

LXJ UJ c_> 
CD C_* <c 
<C UJ ac 

t\i nj ru OJ ru nj ru 
o o o o o o o 
4444«4v4 -0 -0 -0 -0 M3 
x x x x x x i. D_ x a_ x x x 
aaaaaaaaaaaaa 

run.^rjrururürurünjnjnjrunj 
oooooooooooooo 

-ü -o 
x x 
3 o 
a a 

X X 
3 5 
a a 

•o -0 
x x 
5 3 a a 

OOOOOOOOOHH^HHH^^^HDIOJ 
H-108 . 



TW 
,m     MM   im VJS9 

c 
ru 

i 

o 
i 

H 

- 
c 

••4 

4J 
41 tl 
•«4 «i U 
e JZ •ftf. 

-»4 4« "• 
K-4 

c 
c 

-»•4 

c c o 
o 41 tfl 

•»4 0« M> 4» 
•P 3 «i --4 

•J 4* (." s j 
V <D 71 -F-4 

-p 43 »•H i-< 

V u 
•o c 

* 
cu 

01 o 43 
-c c V* TJ 
4» 

x: 
4* 
Q 

U» p Ol 
Ql yi U 

V* € 01 t> u 
4» 3 o <ü c -p •-4 «*. 
01 TJ c 1 in > 9 •«4 

«= t, J= 
0 c 3 01 4« 
o ml o • > •r4 

.C;.-* i      o 3 
T? 4* •J ! 

LU IT3 
ce - • 

oo o 
m     HH 

»IT) 
oo 

>• ru 

cu rg 
cn o 

*TJ 

fl . 03 j 
u •oi    . |s 
-d > N 
4> p-4 00 w O 
3 a •* Tl N 

o * <* 
<T» u £> <* 1 
C *ü 1- * 
< CL X in 

o o * * 
c r CQ C 
* >*tf i.^. 

•»4 P C\J 
•o o o Ul V4 

T»1 in 3 in 
K 03 CL < *^ 

•fll 

o 

Ol 
o 

i4=l       I 

a > 
Lü 03 
CC 

AL 
UJ 
IX 

Z UJ 
LU Z 
H O 
h- I 
<t CL 

OM of 

73» ai 
C|4J 
H ol 

Mt 4J 
oi-w 

c 
ai 
ui 
ai) 
t- 
Qi 

Oi 
-*• 

tl 
al 3[ 

cLjin 

u 
•oi at 
c CM 

»-*  in 

fill 

C- 

an 

er 

in 

cn 

ai 

cn 
LU 

CM I— o 
cn *o 

o 
> 4: 
£» p( 
cu  an cn r 
— < 
TJ CL 
*~» Uli 

tl 
er 

n 1 
to 
Q 
j 
(L 
r 
< 

i   i cn ! ^. 
i • ai i '. 'r 

! 1 0 

!  i 1 i u 

! i t !     ) ai 
» j a f i   Im ^ 

j 
3 lU. i fis rtl 

i  i .11 < ! ; 1       |   1 j 9m 
; J= ! C"M f    ; »HI »n 

ir*> !   , .« K e ! !          ItH a 
GD E o o -oi !   i 01 
*^» i   j 

•M CC l> 9 ^ u» 
1/7) c " h u- 4« 1 Iru 
r*j Ti ^•1 - C5 tn in 1 8 U 
•*>»* '<•* 4* "j n M i dt 
ro "O |    !."< € •K 

•- 
I-» 3 w XJ 

o •Q *H * o «•rf n 31 3 < 1«  B 
CC es m h- s aa B CL a l ru 3 

-«^ 0J 
=3nO —« -0 
ra 
c= o 

<C 3 

CD 

all 

O      t 

C=3 
LU 

—^ 
ÜU  LU 

OE wU 
OL- ae 

i- o 
(C H 
o 
u 
cc 

<    J 

> > 
Z K 

E ^ 
a u u < u. 

Q z tn LU # UJ 
w UJ Z CL      cj 

J< < >   ,** 

(C 1- I- > 
O 0. z 
3 •-* 

—. j 

LU  _| 
au n * CD 
3E: O Oi o <c ^ »-« *~t 

cn <z < < 
~ ru n o o o 

H-109 



T^r 

**! 

rü 

i rü 
o 

i 
oo 

CM 
o» 

atr 
CD 

ac 

o 
can 
a* 

o 
LU CD 
x: - - 

ru ~- 
-olio 

CO 

.-ill 
UJ ^J 
en CVJ 

CM o| 

> Q 
03  UJ 

O O 
UJ Ul 

U. UJ 
M Q 
a 
uj en > a z 

o 
z: 
o 
o 

> Ui 

< 5 
Z QE 
< I- 

CO 
z 

ü 

• • • 
c c c 
• • Of 
N M N 

c c c 
• • a> 
M dO M 
o o O 
t- u fc. 
o o o 

«4 P4 —< 
£ X M 
u u u 

••4 •** •»« 
a a Q 

i 
n * 

3 
8 

cn 

^r- o m 
-<=a 

<c « 00 

iX* cu *•* 

4~> CD 6 o 
• m< ••—• *s. 

>• ^ ^E h— P 
t_ to CD o 
*%* <u »-—4 *>J 
cn at: ^~ a 

C_P OJ UJ 
_4 <c -I-* t- 
<*l ac m u 
'_< U_ C3i UJ 

•*-« ^i 

4—» z 
=»* »4 

•••• •* 

**» UJ 

5 < 

UJ 

Q 

CO 

r«j 

ru > 
UJ uu 
<r UJ a_ ae 

cn 

CO 

UJ X 
j a 
U. U 

< 
< u. 
< 

H-110 

'-t 1" 
•M   U. 
u ** 
a» 

6 a.  - 
i) v» OJ 
k O 
Ol Of  -0 
O "*1 

•P ••*   "O 
TJ 3  o • t- x 
O <v *• 
i~ X   u 

JZ -w   C 
u o 

c tn -w 
o 

CD ~-   — 
e c 

•w -<  c 
.p o 

—i - 
r— c "X 4J 

K o c u 
a •mt D n 
a -P 4J 

UJ C ru 
cc 

-P 
"O 

B0 i» < 
—4 fr e a. 
X — UJ *— L» 

a •^ *» 

K fit  <TI 
a ^• 4i 
u. • u ^ 

-3 O      '*vl 
*J? S at »? 
"T s 01   u 

—< w —* JJ 
r• c in   .;. 
•—1 -n W  *? 
-T u M 

1—1 0 3   -iJ 
•i_ Ul    O 
J 1 41  e 
a 

Z 1 
a < —» 
z u - o 
< CO < z 

it! 
i 



Tr »H mM    • IJI 

i e |c K a a fi • -1 S z Z m. i 3 
a 

> Q UJ 
C3 UJ cc 

h- 
Q O 

c_> UJ UJ 
O 1-4 K 
v^ IL. UJ «P • v 

K ru 
o =3T It 

Q c 
• 

c 
• 

c 
m 

V—4 *o t_ UJ a M M M 
1 <=> > a c c c 

ru **=» car 2 <v • * 
o o <u 5 as X> JD 
i .£= -*-» a a o o o 

ir> -*~> no x •  z 1» ftp u 
en du C_J r D o D o 

zz a a ••1 «4 *H 
tt^ u a. JC X 4? 

<c I u u u 
CQ a_ S •H •o4 •w 
<c UJ u a a Q 
—J o I i 1 

UJ o < T3 n ru <* 
aer - - < » 
<c o a v* •* *-i 
X cn 

ru 
CXII—• 
Ol 
^oiuTi 

:ao !— h- 
GJ>I*"S to ~r 

cdlir>l _>• Ü 
rui ,„' £ 

UJ *^ < 3 
1— a ru z x rr 
ae CD ol < K < 
CD o W (J 
QL. <u T3I Z 03 
UJ —• I     CU M 
QC Q. 

en 
UJ   «-• 

3n o m •« .... — — 
J=» ,<-» 00 

<CI v. f~ a a a 
*#"i rui OL* »-I J z z z 

*J" Ol   *= O O  • ••>•• v. CO 
> => Z 1— m UJ 
t- Cfl CD o B a* au *—• «2? 
en ac 1— o 

r_J»    OJ UJ 
•^^ <*! -*-* h- 
**> OK   OJ u 
«-« u_ cn UJ 

• •—• 3 at -*-» z c 
=r> *—• • 

N 
aj UJ c er w a • • 01 
<r < 

a 
B 
a. 

c 
«1 
H 
c 
• 

c 
• 

o 

03 

t a 03 F- 4* 
u UJ 

00 

ru w 
-^ oi 
ru ~-*< 
o <c; 

UJ UJ 
<C UJ 
OL ac 

!   I 

UJ J 

U. <J 
< 

< U. 
< • 
a a 

H-lll 
cn 

N 
v. 
n 
K. 

ro *-« 

t* 
01 

41 
tfl 

•«4 

H 
X 

—4 

"1 
-ri    ^, 

J      •-.! 
^    -^ 
'4.   Ol 

•* u. 
U   w 
01 

8 a.  - 
ti •^ W 
E- O 
Ot Oi M3 
0 & 

4J •~4    "O 
«t) 3  o i U  JZ 
C3 Of  *> 
G» x:   o< 

J^ -"   S 
ij o 

4* 
c in   w 
0 

0l   ••-« 
it —-  ••* 

6 c 
•«•4 o c 
4--1 o 

r- •^ 5*» c 0 rsi u 
o •«4 3(  0i 
CL 4^ 

•** 
UJ e • • 01 

4» 
IT? 
1 

09 V < — l> c x 
-r- •m  uj 
K u 

O vj   •+* 

X V    TT 

3 u 4* 

u. 11 i-   T? 
4 0    'J 

•ji pj a. 4i 
ig o •u  u 
Q w b    "J 
i~* 4f 
i— B >fl    H 
—i Tl -^   "T3 
9 U m 
i—i m 3 *J 

u. ui   o 
UJ it v   S 
a 

Z .1 
a v. —i 
z u -i Q 
< CD < Z 

tn 
UJ 
K 
3 
Z 



^^ *-r 
^ 

.' 

ra 

• 

i ru o 
i 

CD 

CE: 
CD 

LJJ S- 
ac 

IS 
UJ •^ ae: 

a« UJ 
-i-> IC 
t- rx 
o LU 
C3U en 
a* .. .J1 

en UJ: > cz 
c- <3 Oil 
cu '^^ LU 

en 
or 

~—• CD 
ro a_ •_» LxJ -•—• QC 
-i-> ! 
^ t—1 —« ° as zl 
e= 

CD 

oi 

cm 

CO 

rü 
ru 

<r LU 

CXHi 

U-l 

ru ru z 
o O m 
-0 M3     1 
X X O 5 3 o 
a a _j 

oa oa < »-« OJ n 
o o o 

H-112 



TT if^i P^        ••» ^-*—^^^9 

tf) if) 
a. « 

o c 

Z   I 

a. 

H^oinjMOifiHK)io(MinMrm*j)OH» HU-    »O   IX 

« * « [p m 

*  «  NtP  lO •• 

j1 MO j in * o j^^vi)isNinf>0h'^in^iii)Off ut 10 v CM <r <r ^ * C\J 

*4 M]   Kl    Kl  tfl   If) 1-4 

o o o o o o a oooooooooooooooooooooooo 
GOOOOOOOOOOOOO'loOOOOOOOOOOOOOO^G 
o«oooooHOo^^f-.o(j-irH|fi-i(VKn;aJiirB'ij«iPTQ 

^ifiartN^ojnoio*   Tioa;Ninf-«fv(0*iP#^<OHiHHHPjfjo 
— (\   vJJ   s0   C3   (T <N*   « ^ •— 

o r» i^ r- 

«lOO   J< 
o »o * r» 
CNJ aj cvj ^ 

r 4C 
*» z 

-4    O    4C 
I  z u 

C   ^   UI 
Z   Z  0. 

o >- 
O O f- 

WJ  W 
a j J 
-j c a. 
UJ r x 
>-. « 4c 
u. go u" 

I 
I 
I 
I 
I 
I 
I UU'uJLlU;UilJ<JUUJUIUJUL<UJliiyLlUy 
I ZZZZZZZZZZZZ^ZZZZXZZ 

I     <<!<<*<    -*-4r4l<4C-*«r.J-JJ-J_J.J.J-J-i.J_J-J-J_J_*.J.Ji-J-i_J 
IX*KV.*]£XX'KKX*<-4I<X44f4<4<<44ftf<<4C<4C<[<C«* 
I   —r—*—*—J—»_»—>_*—<_i—i—i 
I   <«4i4i4c<c4<4C4C4C4»   •   •   •   •   •    •   •   ••   •   •   •   +    ••*••• 
I oooooooo^ooooooooooo 
p a. a) r er or a*(Tff*(r (rirtr«-^»^'^«^^^-^«-««^^*-—i^^t«-«*^«-« 

i 

«/•j I I u y y 
Z I t- X X X 

U. • X I C\i (M 
— r   i   i i * 
_J I CNj •-• H- U 
C I 

s «j ii o « c  *x*,ff««o(ror*-r^\D(rcs««o*ox4'j"ct.^.rr-ifl'«(r  c ^ c o* * (M « 

•-  O    I 
•4 3 I 
DX - 1 

03 o o a >n 

"3 o cr   iT   o c- o o o Ouooooocooooc- 

fy (O .*       CVJ 

o «-. o o a c ueooapoc 

o o o e   oaooOoc«oooaoooo  oooooooooooooooooooo 
fvjgoxiotaoooooooooootrtcoooooooofvjooooooooo  -50   3 
w^-3LO-*OC\iOOl-OC     O   O   O    O   CJ   C     O   O     1  6   N   C   »   |T.   1*1   ww;0<0,j;.rir-J>~•*C\J,     3» 

cctoi)(Mji*(M»Nirif)^       ini-no«a:fyi'0«       (\ir-(T»ir>ocMj-       « HI « 
*      N      N^CiH#Hr«3i 4      C)(\IA       f      w —« CM c\. 

z 
u «t z •- 
o •* •« z 
>  Dr u 

tr. 3 Q. 
CM  C   -D  O 
I   (/)  I  </) 
u »• 9 m 

«t J" z W u.' 

Z w 
t*i  X 

O Q UJ  •- 

L_ -J T. ;? MJ u. r 
w c <-> K < * X -^ UJ 

z .j tu *- U_ X «* ~i K T 

«1 ^ ^r *_> 1 i~ •» >• ^ «J 

X I i -J n X a X 1 •- 

Lu H- X >- C o UJ pi ;»• 2. 

X , . Ui X % -1 X UJ • UV 
o r X *- * <_» o T CM 1 
wO I i hd • >- M 1 » 1 

m »o F J fy <_> *• IO (Vi ? 

«zu y 
z •» 1 I 
< • -J ui -j 
» u^  >- Z > 
U. X   X « X 
I JKhh 
O >- u, O u, 
_* I   I u T 

S  f 
UT:»->-»-ZZZO««<<«*'« 

>-C*hK'»--UC.    JJjJJ 
XI     »UJ»OOLJZ<<<4<4 
•-if  i^ r (vr j 3 ^ 
.j   »   •   i    «i   i    i   |f-i^f*aa 

iT   Z   ^ 

a.  a   a- 
i_ o t_ 

_i -i — -J 
<t «J < <« 

a ec a oc 
u u u t-» 

1A 3 
2,' -» 
C UJ 
•—• «J 

t- O 
<j 3L 

-J 

3 Ui 

o X 

-J ^ < 
U 

c 
u «. 
X 
ST o 
J a 

-J C 
•I Z ^ 4 

c • •— X 
00 UJ 
z z ro 
a •M SI 
Ml 3 
•- a Z 
«1 -hi 

-1 ir X 
a 3 n 
u £ 

'w VI «i 

X z X 
c o ^ 
z  •- 

r- ot 
_J « • 3 
** tr U. 

»- •- 
o .-» J o 
^. lij 

o u. X 

z z c 1 

<•* c~ ^^ (/) 
—   t 3 '/) -J c* 
z   ~ rt 

«J > «t ^-  ^ 
c -• J 

z >- i 

Irt w* ^ «* » 
C  ej 3 •••  « V 

•—  —. -; .- •*   >- UJ 

(X a. •• 

r- a Ä 

z _J 1 

-..  i- _; Ü, 

^ u o 
-'  3 «.i c. 
C o < 
u.  .r w 
i   j— UJ 

JC IM c > w -J 
Z  Q. J 4 

3 u. > 
r» > V) • 

i c a. 

3-   t-> O 

."   •*. •- 

u a N> 

41 i.. 
*~ 4j CE X 

C   -J N> « 
<t   CL z 
U-    < 4i —   "— o » 
*- i » 
a   « (3 2 
•s   > u 3 

H-113 



TT WP 

kP in 
CD <s 

CM m 

.. Q 
O UJ 
«J IM 
_J >- 
0. -_ 
X- < 
« Z 
VI « 

Z I 

a w 

r-ocMCMXfOOr-^r-*-r-tM 

^ lO tn tO »O P» CM CM •" .0 —• -JJ cc 
m«W<M   ICH   »    43   CU   CM   CM   Kj   —• 

oooo-sooooc-ooo •   •••••••••••• 
OOOOOOOOOOCJ.JO 

«lOiijin— {MvO^ffvcccrr^Ki 
P-   «T  •«•   •»   sflKlf»— <O»>O^K> 

in >o »o 
• i   • 

a CM M 

*• o o 
co K «• 
lH rt   x. 

o a a 
o j\o 
r» cc »o 

«rOwiffNCMCM*«- ** 
0* * CM 

o « ^ r * i/'i J. n -i *N • (\ 
inir4(M^m<ii'^ a in x •»• . « 
*-ja<M»OJQtn»o--«      «r * CM j* cr *• j r, io * iP . . 

1     rf     -H    Jl    <\    vfl N to " m c 

oooaoooo         OOOOO o •    *•*••••          •*••• • 
CTOOOOOOO           O  O   O  O   O '"_ 

(MHHMt-idoiT         —• *1  (T  «O -* «• 
^«(Mctojj*-!--       "1 if. tfi f» i CM 

CM      r\i      f^j in •*"> -c .c co 
—« (T>  CM K> 
QC tr 

O    I — 

1 Z i- u 1 — u 
1 U UJ I • U X 
t 00 SI UJ 1 «• u O u UJ u UJ UJ u 
i _j _ *r a 1 u o o fj o o c C o a o 
1 u. >- u UJ >- UJ UJ UJ 1 o 3» > > > ^> > > » vt UJ  O 
I » X -» z X Z i^. U •- 1 > : UJ »-   > 
I _j •- w u, m Ui *r •-» «K 1 a a a a «J 3 a o w < 
1 3 UJ 3 ~J ul N UJ 11 U UJ UJ UJ *- Z 1 -J c Uj UJ uj u UJ -J •*J UJ H- 2 a 
1 _i » _J z X Z X •«* UJ 1 Z UJ < Ui W 
I o M O UJ MM u. ~t >— •- h- t~ *- 1. o 1 -J "l >-> u. u_ u. UU u. u. u. Ik X ia — < •— (T -- 39 a. -X *- <i •I •4 ** •» o >- 1 a X U- — •M p—. •-> — *m »— •— </J o ^ u. 
1 •j P- -J -J •— -1 X I IT 1 1 x OE X 1 z~ O __l ^> f- •- •— l~ ^> *— •- H- z • Ä <—• 

1 >- 1 >- >* 1 >• *- O o o O e *« o t «i M < »-   1   z z Z Z z Z Z z ha v\ •* EJ »- 
t T in X K* * »- UJ * CT r a X 1 t— UJ ^ z UJ U. *l UJ UJ UJ UJ UJ u. z Z 
i »- * ^ 3 • 5 *- •«i •* «i *i -4 * -J 1 j I <t w a a C3 a o w a a 
1 j fO __l kb CM a_ ^J >j «I 1 0 <r K c M "- M *• t— "^ » H -i u. «» « a 
r 1 * t fr » l f T o- <r o- B — »- • 1 m UJ — z z Z z z z z z OL Ul ^ >~ >-• 

i i M o t- -« a o. ».J u t_i u U u o 1 -H ~t £ z 1    3 3 •D 3 =5 3 o 3 *t -J o o z 
i H- 1 3 1 Q, O »- t- o 

«     s 

o i l 
— -V I 
— «X * 
-( z* • 
cc «• I 
•- l 
Z I 

Z    I     t 
O  >   I 
u; a  < 

«<\)C\ifaNH3ir  (Mr^- 

•Q >n NC ^ j- 

"1    OJ    «   |fl 

rj    C3   ' T    C 

cri^tOfiirtO'rj'ior    JJ io  H  *  f    o —  XOix• 

^I»\HHIT, „f   * m s  * K) ii - >\ >n c\ "O (\ 
t\, 

c ui c> ct a c r"l   t: o «.-• o 

(\|NH»irO»3j' 

0*0-^0* tr -jj-^in 
•jj»Oin n i —• *   in 
O   *   if l  O« N O IT   -^ 
sf.    (N.    sU    •• r* r*   J,"    r- 

-•   fN.   CNj 

o o o a r* o ca i_. 

r\j»3cr^-^^fjr-3"  j-  T--3C3ooaujoj'Oo.-txtrc30ir'Otr 
•o a ifi  •> ^ P. « j    «   *jxafMX»:'J^'*"iiif, "n1 oific» 
CJOC   h-ij*G"ifac4'r)''''*'X   •   t    «u   u. (^u.^o*f,. hm r «c 4 

*»0 -NiOrJficU^'£ OJ(«g fu-   (M 

— o o O   O a o o 
o U> «3 o o « o o 
-J- —• u-- If     CM a. J- *M »- #*^ u. c   *• — •n »• CM -T »     -H •^ — 

x r- 

c. z 

r. 

— C-   < 
t    Z  UJ 

O  U3   J - 

z 
Ui   t 

c o 
UJ a 

z z a. 
o >• 

a _i -j 
-j i a. 

a UJ 

a. c. 
X    UJ 

I X 
#•4 C 
I -I 

u, u 
X >- Ul 

U      I       HU Ik     J   iu   uJ 
-• z z ? ? r :. 
uu-u.uu.i_u 

Z i_j UJ   *J UJ  _j 
I_J  '_j  I-' u.  --J  u-   -*   -'   *    Z 
-••   ^-   ."   -•   -'   -'   i- •  '.    i. •  i. 

^eli •j.*_j_j_j__-j_j_j_i_j_ — 
•tlM"W04«<€<4444fl444   • 
^cMaaOT" c-e 
i   i   t   i   i—h-r^ocxxo,{r(T(ro"e<r**- 
•-(_) «*C. -JUUUUUUUUUUUUUU 

ei r o 

IJUU 

>• N ui  Z 
Ul   K -   M. 
Z   ) UJ Z   3 
Ul   X -   W   J 
N> _J  (C   O 

1 u u UJ z z X >• _JJ 
1 r Z -3 ul u o a >- 
1 *j u. _J _J) -J at O X 
1 rsi a >- >• > a a •- 

I Z -i 1 » X B a u 
1 «i e ^> 1 1 i/l i t 
t CC k> UJ a r •• z r 

»-   a- 
a.  «> 
«i   > 

H-114 



T^ *«• 

S 
m in I       Z 
X   90 1       UJ — 
>n ^ 1       U U 
If)  CM I     z  * 
CM — I     o > 
X  X. 1     u a 
CM M 1              0. 

a. _j 
x. •< < z 

v  i 

a i 
z i 
3 i 

M   U   < 
•    Z  L, 

Z z & 
a o 

3 _i .j 
_i a. x 
- J 3 I 
— *x •* 
U. V (/) 

X   X    X   *   <\.  CNi 

a  — * —• 

* «r *+ c 

O   s0  O"   X   l   (T •     ••••• 
r*    T   Ji Hi a1  i 

(V « « r* 

f- r* rfi  j* •    •    •    • 

*       »o o 

t/> I 
2 I 
— I 
u. • 
U I 
- I 
<T • 
«T I 
a I 

B u. *t -r 
• » • > t .-• f -r 

O   O  »- * 2* *- 
>   >  3 •- U< -f 

er ~ ft w 
I     I   V) I V) I 
uu*-r "• ~ 

I/?   i   u_ 

VI mi .r md t/) 
o •   Z UJ •^. <J Km 
M u rsj ^ mm mm 

U* UI u. *•* 3 -*• mm +- ^ 
? J" s. •X -J UJ X « « 
U* Ui Ui r C J_ -1 s. ft. O 

u< I, * V V n *. mi >• p <.• Ti X 
J- z mi .J ^ at -1 >• X V z X s 
UJ u. *t 4 < •* >- H> ^» «I H V> *t s? 
l_) E X. 3 UJ u. i 
IJ O • * * mi •- X mm * u — mi _l 
c T o o o *t 1   uJ e C o 1 u mt < 

1 mm —4 •— mm m I (A 1 »4 or mm H> *- ^ -J I» o u (** o "• T L, m mi ."• r 

»- o 

u U 
X 
r £ 
2 a 
-j Ci < 2 ^ < 
O • •— X 

1/1 te 
2 2 X 
e M - 
•— "3 
H- 11 2 

E A P- 

<ll    u. 

c; mZ 4. 

2 VI 
O 5 _> 
^ —• 2 
«t j^ ^_ 
a X P- ^ o « 
•*J X ^ 
o I. t- ,* 3 -1 
C n « 
*J X u 

r — •- 

o -r »— 
*t u ^ u. a a. 

ut _, H> 4 « X 2 
u. « u. I ~ mm u. 
m- X * 
i 4 o jjl 

H-115 



T *^*P 

l 
l 

ec « 

IT >n 

1 

«s v 

O  U* 

J i IO ifi >\ o u » o i^ i) -. »: 
c^ f» «opir-uir-«^^*^» 
-H •« M pi M w <r 

a".  Oi-»-p-ooooo*r«.r» 

c«i »o «* eg »o » « 

CNtOlO^}ifiNOi/1^44 sO (T  *• -e lO «1 • 

rf-^o^troaiojXo^i-»C3£o'k- 

—  r-t  fO  r- .  r»   .r   JL MJCCIO^KIIO 

1 O 1 .T —j UJ   >- 
1 u> 1 UJ z ^ r 
1 K» 1 N u. UJ »- 
t «j *- 1 .z J 3  *. 
1 ^ Ut z <* JJ ^ ^ -: 2. S ^ * ** 1 *) -J -J r 
1 •* i? MJ Uj UJ UJ u> w u. U- M Ui I 1 X o o — 
1 A IM Ui u. •» Ä *- •. K ri it X t. X- 3 t _i pi •- a. 
1 ^ a ^ O _t -1 -t .1 J -t J -j _p -1 ae 1 >• —1 _j »- 
1 
1 

« 1    UJ 
1  J: 

—. 
a 

•< «« •< < < 4 4 * < * «t 1 
1 

Uv 
c 

>-   1 

1 • —• 1  — o *: • • • » • • * * • • _t 1 • p- K-    • 
1 3 u. I   a. £ J o o o o o o -J a a 0 4 1 a -j l»J <\l 
r —i u- r   i — 1 w r-* M »-• M pi .-* «4 ^ •4 pi » I » •   - 
i U -i 1    X -i m ^-) o o U O «J •^ (_J o U o 1 .z • o —• 

3 -T      r- 
J Ui UJ UJ 
O N   Z  N O   i_J   O   <_l   <_    U   UU 
*- ZyZ        -.«*-«^- — _ — 

ft. -tW^-MIXllTlI 
O »»  X  *•  <t  O O  a O   3 O O   -3 

OZ2U1KLX 
*-  *-    + \A  + 

— OCOEO ooooocco 
rZZ • f | 9««MM P« «« p* p« m 
0. — •— T   2A.UUUUUUÜUU 

O ^-  UJ 
^  ?  Q. 

o »» 
C UK 

O(Mf^^<0<''0*OOB0«' c\t«flnjoj*-st,4"wO»ri'Oui   sctiTir^f-iit in a. ni O M 

I   Pt  1   Q ^    - i   »-    rf.   ^^ 

-^rgTa.-HXiDa.^i^'-rjiest'Otii'Or^-»''^ 

MJ     f   ^ cp-o*.-. c«cj*a   * jl   O   ("3  /-•   Ci   "^   C   C 

c-w tr o r>v «• o 

a   i 
i    « M 
r*   i (^ J 
Uy   1 • w o < 

CM n o K- 
u. > > D 
u. a. < f\j Ki o 
oc 1     1    (T. 

uj   u- J-   t_t fiyriiristrrttrrffirrfi'ii 
k-'^r-u^ri, * •• v v v v • ««•«lex K<VIVISIIIVKIIK 
Jr^<l-t»-^l,-tJ?-CJ*t_J_l_J_J_1_J_(_l_t_l_<-lJ_J_t-J-J_l_J-J__ij_i_J 

«7KXr«Z^-<UJ^<4<<«^««<«««*<«<'<««(«<<<<4<< 
^LjyuKxOc   u C J 
C a, UJ x u  UJiüü?<*»**   •••••••••••••••   •••••• 
a.oa^xiuiio3      <^r>oce-<->«o^oc'->c-, ttitf oinipe^f 
i   /i   i  'y-   i   i   >   i   t   i"- — — — — — — — — ^.—^- — — — — -.-. — -. — — — — — — 
F * C •• ^   ?OZ   ^   ?'00<_OLJUUytJO(-»(J   UUUCÜOU'UUUUUUUU 

»- o 

<J u, 
E 

— 3 c- 
o X 

—1 p- x •-. O < 
o ^ ^ 
tj CO w 
1. se X, 
a- o »— 
*r — 

•— a 
_j •a <~) 
p» 

a u. 

r^ _£ ü 

u (T • 
Q U. £ 
jj 1 ~ U. 

H ^ Q 
2 »- -T 

*J > « 
pi ^> 
C« k/" • 1 U> 
T >• fc" 2 (/• "• ••• 

£ V) K 
o (9 3 2 
IB ^ i.* 
p. fc. a •S 
«J JK *i < 
A J. ^> 

o c  «« 
U X  u 

C  > -J ~i 
Z tt- "•* ** 
3 1.. » 
O  > fc' — 
i o i _; 
I"  u f. o 

p* w • 
(J _t K- 
« J: *r 

<r « o 
^ > u 

H-116 



*rr •*» wm 

in in 
X  49 

U.   ISi 

•n   I 

o XL 

U U 
2   • 
O  » 
o to 

a. 
a. 

' 

o ..  z. 
~ o « 
I    Z   U 

e >- UJ 
2  2 G. 

ri   J -i 

Uli 

O     ^    O    X     H 

ru a if a N « o 

-* til •"• f-  x   X r- 

** m •*, •*   jt a, 
0-   o ^ X «• 
O   iT   i/1 ** iO 
»o PM in o 

m r*- tn 

*• p» a. ir- i- r- 
— c\,  » -• o 
fO \0 -* «O <r 
»n Cg o x 

u • -, u 
£ 1 u i 

1 w u> o u o (J l-J O o 
O   i B 1 CJ 1 O c o r» C r C r- a u 
z   1 UJ 1 o 1 » > > > > ^ > > </l UJ o 
3   I ^ 1 > 1 u *- * 
O    | 4 1 1 c a a O -J a Q a >—i 4f 

a   i 2 1 — a 1 lid UJ -u u UJ UJ UJ UJ r- aJ o 
X     1 UJ 1 2 UJ 1 -a UJ UJ 

O    1 o 1 < M 1 u. V* -*. u. u. a. u. U. I <J M «_) 
o   1 >• 1 ( X 

o 
U- 1 • to 

2 
>- u. 

T 
o I PM »- 1 _* Z z 2 2 2 2 2 k« </• •* O P- 2 

1 q ? 1 UJ UJ UJ u UJ UJ UJ -J U. 2 2 
_J 1 • — 1 a a 3 J c a O O u. — «J _j UJ ^ 
•a 1 *• o 1 4 u. -a «* a «I 

^• 9 • •_ f 2 z z 2 J? 2 2 z a. t.J •— t— —• t— 

O 1 «4 2 1 3 a 3 3 3 3 3 3 < -J O o z O *- 1 =9 • a O F" •- 3 •- 

y) 3 
Z o 
O UJ 
— -J 
»- O 

u  U. 
X 

-J a 
«*  2 

a.iT^fNj^^^oo^rNi'30»to*,x*c^'^»'^Er<\jC"()ifto<NJO"5tricjtf)viJi'*-0'0« 
^-ir r^-ir #ff 3* oa  r—ointn'Ocjporg^r'^ONß £ /i CM H a M ^ JI/I^I/I». o-'jiiO'M 
£NJ «-« »O «•* *l *0(\J-MK1C\J MÄAI M -4^^-^CVJ^- 

^P   O   i-i c  t J c:   c-   .- •aooufCr,   i?cor7    o  ^j   o 

•- C 2 

3 Z   -"3 

U J u 

<x a. u. 

C* 2 a. 

U> V, 
C. w 
u- I 3 
IT .j 
r 5 J 

UJ > ^ »— 

Ü li J  - 

< >- Jj 
2. a. •- 
•- C «* 
Z -J 

a i  */> i 
2 I    U I OOUOUU(.UUJOUU(-)tJUUOU.UC.UJUOUJU(^UOU)00(-UUUO(_.U 

XI   T < 5 s i > XX&XX3 Jiiia>i»i3i»iJaair33Jiai»jaa 
ri   oi one r' ft r n r r. O rr-(-coooconu^p,ooooor,rscoc H o-, '•*«- 
' J   I dC   I   (xaort.   ijrataaxarataraaiarajifltttarQtaociXQrücai.xcc.xa.   a.i.   j-ii.i 

I 

•«   I   909tt|l6St6P99ttlsAf0(BttifiCÄII09r>l   ocar-tio 

»- I 

O C   «a 
J a ü 

a 

X c  z 
J   t_ o 
I      -J  —• 
U   Of    N. 

«I 
•» u.  x 
U    -i   N- ««> 
U-   «    u 

A   «* ft 
«I  > o 

H-117 I 



L»   P •»w 

l     m J"> 
I        X X 
i     -v *«>» 
1       IT ft» 
1         <M — 
1     v ^. 
1        ft. d 

1      o 
1 

C3 

1 
1     •• o 
I     o Ui 

1      ui rsj 

1    -1 >- 
1       Q- -1 

1      x •* 

1    •* z 
1    « •* 

1       «M —1 

1       »- •- 

1       < * 
1      o 
1 

c; 

o c 

N- J 
< 3 

o > 

o «* 
Z  ' J 

a i 
z I 
3 i 
o • 
a. I 
T. I 
O I 
<_> I 

z   - 
o x 
•- o 
«X    3 

z  i 
o > 
<-» a 

a 
a 

3   «£   W",   f—    ff  JlffVCWf 

«1    1\    *l^   H 

i«i,H<r>ro^j 

•    * 

c  H- w 
z z a 

o >- 
c u •- U, 

Z 
Ui u. UJ w 

O m -j 7 *- U' 
-* a a *» 3 * 
M  X r t— W 3. w •-* « «r e.  t 3 Z 1 *» 
U.   CO </> >               Z    1 

2    1 
1             O   I 
1          a.   I 
1          a.   I 

M 

ill 
_i 

X 
Z 
u. & 

3 
X 

ft. 
1 u 

r  i </• i Z   UJ   <T     1 • * Ui i' ^ J ^ V* x 
u i 2 i u <_> *   Z t-  « «i Ui J •* »- u >- Z X —. i r> e t-   <   Z  H- x a M X r tfl I ^ X • V» 7 

a. i > > r^u z u. a a u. *- z 1 3 h» u. * 
i u. • x o a I*J X -j 1 X UJ M 1 05 Ui tfc. •— «1 
i *r i <M f o sr a r. <_j f c r u. t o T «t u. •« 

i « i • i (/)    1   V)    1 w V • c I LJ 1 w 1 K Ut ^ 
! a • U u m ff •- Z Z b (Nj 1- fO 

o 
1 
1 

"•* ftj 

a 
r-. 

z u 

O UJ 
u  - 

U u. 

Z   1. 

-J a 
4   Z 

• *- X. 
(/I -J 
«    Z i 
o — r 
M 9 
^- O Z 

J n z 
3 a a 
o £ 
-J •- I 
«; a *t 
(_» z u 

C JE A 
I-  «-1 »- 

J < 

Z ." O 

a Lj 
w- I    3 

3 X   -J 

7, 1   (. 
Z *-   t 

1.1 vj   3 3 

a  d. ^ 
^-  Q < T 
z J a. 
IM  X J LK 

u v> u 
C   3 _J r 
O C « I* 
UI u 

1 •- 

-.  ^    » 1 

3  uJ > 
Cl     >    *,"! PS 
cor* 3 

u a. ^ 
»- u. a 
U  J »- 

« u 

• « o     r 
<  > u>        S 

H-118 



.—~ 

RADIAN 
212-027-11 

14 May 1987 

Cpt. Lee dePersia 
U.S. Air Force Occupational and 
Environmental Health Laboratory/TSS 

Brooks AFB, Texas  78235-5501 

RE:  F33615-83-D-4001. Order 11, Bergstrom AFB IRP Phase II, Stage 1 
Analytical Quality Control Data Results 

Dear Cpt. dePersia: 

Enclosed is an advance copy of the analytical quality control data retrieved 
from the archived laboratory files.  These data were requested by Modification 
No. 5 to subject Delivery Order for inclusion into the IRP Phase II Final 
Report.  These data will be incorporated into the final report as an addition 
to Appendix H - Analytical Data. 

As stated in our previous correspondence, the analytical work for this project 
was originally done in March-May 1984 and February 1985.  Under then-current 
USAFOEHL guidance, no requirements were identified to segregate laboratory- 
internal quality control data by project or analysis set.  The standard 
laboratory procedures were to log and store all such data by date, machine 
and/or analytical procedure.  Specifically, the Bergstrom AFB IRP samples were 
often ganged with samples from other clients from chemical analysis.  In 
general, the quality control objectives prevailing in the laboratory in 1984 
and 1985 were met for samples analyzed as a complete lot.  As we had also 
stated, the results of a diligent search for client specific data has resulted 
in a partial data set. 

Some minor variations were noted between the analytical data as presented in 
the previous drafts of the report and the older raw data inspected during this 
records search.  Please note that these are simply reporting errors.  For 
example, several oil and grease values were originally reported as <100 ug/g 
and 470 ug/g.  The archived data reviewed indicates the values should have 
been <900 and 4700, respectively. A review of all these data by the supervis- 
ing geologist has concluded that the archived data do not significantly affect 
the conclusions of the report.  Appropriate final report text or table modifi- 
cations will be made to reflect any changes based upon the archived data. 

The gathering of archived data always presents a serious problem when consider- 
ing the age and volume of such data.  Further, the retrieval of quality con- 
trol data from this time frame was made difficult because of the relocation of 
the laboratory and corresponding warehoused records. 

3501 Mo-Pac Slvd P O Box 9948. Austin. Texas 7b "c6 • i512>454-4797 
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CORPORATION 

Cpt. Lee dePersia 
14 May 1987 
Page Two. 

This set of data, including this cover letter, will be incorporated into the 
final report.  Please feel free to contact William Little or me if you have 
any questions, or require any further information. 

Sincerely, 

Rick A.   Belan 
Project Director 

RAB:sg 

Attachment 
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W 03 90S 

i 

DAILY QUALITY CONTROL 

RAS GC LAB 

DATE:   *|~&94 SPIKED VALUE 
(u*/L) 

ANAL1) 'ZED VALUE 
ua/L) 

z 
RECOVERY 

INSTRUMENT 
& D P> P> p p> 

ANALYST CL f-L a. CL CL. r\t COMPOUND 
EPA  601 

EPA 602 

EPA 608 

Chloromethane 16.2 13.4 ffA 

Chloroethane 28.1 ß-tp (aCo 

Methylene Chloride 26.3 Xtä ?1 
1,1-Dichloroethylene 45.0 <&.l ^(P 
Trans- 
it 2-Dichloroethylene 12.5 

Carbon Tetrachloride 60.0 <PA -ft 

Dlchlorobromechane 40.0 -ttl 1(10? 

1.1,2-Trichloroethane 33.8 zcrt 3 
Benzene 30.7 fflti °n 
Toluene 4.1 1A 117 
Ethylbenzene 11.5 lQ& ^ 

P-Xylene 19.1 

M-Xylene 42.6 

O-Xylene 10.6 

Aroclor  1242 
(ug/g) 
58.7 

(ug/g) 
m-9 <\l 

Aroclor  1260 56.8 (aid 'OS 

# peer- ^rrre^r^^ion 
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^e oa lee 

DAILY QUALITY CONTROL 

RAS GC LAB 

DATE:  3-<0-86 , 
SPIKED VALUE 

(ue/L> 
ANALYZED VALUE 

uft/L) 
i 

RECOVERY 

INSTRUMENT D © c Q p> <^ 

ANALYST r^L Cu Pf\ ^AC CL CA COMPOUND 
EPA 601 

EPA 602 

EPA 608 

Chloromethane 16.2 %n ft 

Chloroethane 28.1 ?nft i&i 
Methylene Chloride 26.3 SfrG 114 
1.1-Dichloroethylene 45.0 finf} Ififa 
Trans- 
1,2-Dichloroethylene 12.5 

Carbon Tetrachloride 60.0 LcQki mi 

Dichlorobromethane 40.0 tin Lfl 
1.1.2-Trlchloroethane 33.8 

Benzene 30.7 ARM Qfo 

Toluene 4.1 ^.a \n& 
Ethylbenzene 11.5 fiiln qa 
P-Xylene 19.1 

M-Xylene 42.6 

O-Xylene 10.6 

Aroclor  1242 
(ug/g) 
58.7 

(ug/g) 
ftj 

Aroclor 1260 56.8 && U4 
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DAILY QUALITY CONTROL 

RAS GC LAB 

DATE: 3-V&S 
SPIKED VALUE 

(u*/L> 
ANAL* rZED VALUE 

U*/D 
X 

RECOVER? 

INSTRUMENT D e r? e> 
ANALYST n, CL Cu fU COMPOUND 

EPA 601 

* 

EPA 602 

EPA  608 

Chloromethane 16.2 \Ch?k (t& 

Chloroethane 28.1 <TfR '»0 

Methvlene Chloride 26.3 dinfi \oo 
1,1-Dichloroethylene 45.0 m-o \\<c? 
Trans- 
1.2-Dichloroethylene 12.5 

Carbon Tetrachloride 60.0 FftJb c\\ 
Dlchlorobromethane 40.0 Wf \\0 
1.1.2-Trlchloroethane 33.8 

Benzene 30.7 ?fiJn Iflfc 
Toluene 4.1 4.<7 110 
Ethylbenzene 11.5 IITI CJff 

P-Xylene 19.1 

M-Xylene 42.6 

O-Xylene 10.6 

Aroclor  1242 
(ug/g) 
58.7 

(ug/g) 

Aroclor  1260 56.8 

H-136 I 



JU IJ     I M_ 

RADIAN 

SURROGATE RECOVERIES 

SAWLE   \üt¥&C)&l&r>-n\ 

LAB #:   Aflftl  

INSTRUMENT: J2£i£JlQS  

602/8020 

a, a, a-TR IFLUOROTOLUENE: _£LL 

LAB ttJLO&ä  
I NSTRUMENT:_D£i£lOS  

602/8020 

a,afa-TRIFLU0R0T0LUEfC:iü2L 

SAW>LE   ID:_25fi2ll££^£2  

LAB /:_A£Z2  

I NSTRUMEMT:i2£l£ü2iS  

602/8020 

a, a, a-TR IF LU0R0T0LUE f€: _i29J2l 

SAtt>LE  ID, ft^Qä r^Fb-fU 

LAB *=  A/Ott4  

I NSTRUMENT- DglftrrS 

602/8020 

a, a, a-TR I FLUOROTOLUEfC: JÜ3. 

SAMPLE iD^&na/y^-r^ 
LAB #:M^E2  
i NSTRUMENTS DgJnri^  

602/8020 

a,a,a-TRIFLU0R0T0LUENE:_i2Q. 

<&> in4e^femcc H-137 



^«^«——*^-^9-M«M 

SURROGATE RECOVERIES 

SA*>LE ip,3BQaifl6=iXto 
LAB t-.Aü&a  
INSTRUMENT; fj^fcOrg 

602/8020 

afa,a-TRIFLU0R0T0LUENE:Jj2Ü 

SAMPLE io;i*6cai£few;n 
.AB #A£2£J  
INSTRUMENT; DCJQQS  

602/8020 

a,a,a-TRIFLU0R0T0LUEN£:Jj4: 

SAWLE ip;9;g?Ca>£e-62 
LAB liAfffg  

NSTRUMENT-D£Jnri^ 

602/8020 

a.a.a-TRIFLUOROTOLUENE;   \CPl 

SAMPLE   ID«g50»ieSKOq 

LAB#:A&23  
INSTRUMENT; D^lnris  

602/8020 

a#a#a-TRlFLU0R0T0LUEf€: _j£££ 

SAMPLE   ID; ^SOfl t55> - 

LAB #:J1D2G  
INSTRlKCNTiD^lOrfe  

602/8020 

•,a,a-TRIFLU0R0T0LUEf€:_2El 
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RADIAN 

SURROGATE RECOVERIES 

SA*>LE   »Ds^FO^l5g>-ll 

LAB i-- AOqt  

INSTRUMENT: J^JLUJCIS  

602/8020 

a.a.a-TRIFLUOROTOLUENE-   lOH 

SA*>LE   m^5^l%H^ 

LAB #:  Affla ,  

I NSTRUMENT:£}£!n]Gf2  

602/8020 

a, a, a-TR I FLU0R0T0LUE>€: _l£EL 

LAB #1 A/^g)  

INSTRl*€MT:I^l0O^  

602/8020 

a, a » a-TR I FLUOROTOLUEfC: JU3- 

SAW.E   ID^fTPSU^gHA 
LAB i- Aoau  
INSTRUCT. DCJQQS 

602/8020 

a.a.a-TRIFLUQR0T0LUEf€s   Q7 

SAW.E   ID« 550aig>gM^ 
LAB #;   ArP^S  

602/8020 

a,a#a-TRIFLU0R0T0LUEfC:_S& 
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RADIAN 

SURROGATE RECOVERIES 

LAB »i Affl//)  

I NSTRUMENTiIl^JlltnS  

602/8020 

a,a,a-TRIFLlK)R0T0LUEr€:_22L 

SAWLE   ID, fW)^l 5^-17 

LA8 §:AQ^2  
I NSTRUMEMT: DglDriS * 

602/8020 

a,a#a-TRIFLU0R0T0LUEf€:^2x 

SA^LE ip»,25Qai5arJ2 
LAB i,  AM*  

NSTRUMENT: JXJQOZL 

602/8020 

a,a,a-TRIFLU0R0T0LUEhE:.3i£ 

sAf#>LE iQt^aoaiasdfl 
LAB#:^£33  
1 NSTRUMEM-- OJflrrS 

602/8020 

afa,a-TRIFLU0R0T0LUEr€:3EL 

SAMPLE i0»2QoaiaBsac 
LAB /:.JAJDQ  

INSTRWENT« Qrinrie  

602/8020 

a.a,a-TRIFLU0R0T0LUEF€s |£fl 
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SURROGATE RECOVERIES 

I NSTRUMEM":£>£iDülS  

602/8020 

a.a.a-TRIFLUOROTOLUENE;  IO7 

SAAPLE ID: 

LAB #1 

INSTRUMENT: 

SA*>LE 

602/8020 

a,a,a- 

ID: „ 

•TRIFLUOROTOLUEtC 

LAB #:. 

INSTRUMENT 

602/8020 

a,a,a-TRIFLUOR0T0LUEh£: 

SAMPLE   ID 

LAB #:  

INSTRUMENT 

602/8020 

a,a,a-TRIFLUOROTOLUENE 

SAMPLE   ID 

LAB #:_ 

INSTRUMENT: 

602/8020 

a#a,a-TRIFLUOROT0LUEf€: 
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LAB #SSGaiS5rß2 
SAKFLE   ID Anyg 
METHtD^ßÄSOaÜ  

VOA  SPIKE RESULTS 

UNITS ^/9 
cc*f>ourc SPIKED  SAMPLE 

RESULT   (SSR) 
SAMPLE RESULT 

(SR) 
SPIKE ADDED 

(SA) 
J R 

Benzene «A^ &\M ifM 
Toluene -1.1 ^.^ \<CQ(%) 

Ethyl   benzene ll.fi IO.^ \CfK 
Chlorobenzene 

1.4-0 Ichlorobenzene 

1.3-0 Ichlorobenzene 

1.2-0 Ichlorobenzene 

P-Xylene 

M-Xylene 

O-Xylene 

>R= C(SSR-SR)/SAJ x  100 
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1 

SAlfflE   lDApfl4 
METHOD gft^QaP  

VOA SPIKE RESULTS 

UNITS ^9^ 
CONPOUIC SPIKED  SAMPLE 

RESULT   (SSR) 
SAMPLE RESULT 

(SR) 
SPIKE ADDED 

(SA) 
% R 

Benzen© =va/+ aA4 im 
Toluene -?-3v AA niÄ 
Ethyl   benzene II./ü lO.(r> ira 
Chlorobenzene 

1P4-Dlchlorobenzene 

1r3-Oichloroben2ene 

1r2-D1chlorobenzene 

P-Xylene 

H-Xylene 

O-Xylene 

>R« C(SSR-SR)/SA] x  100 

<& irv+firference 
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1 
\ 

VOA DUPLICATE RESULTS 

LAB §35£&££Eörj 
SAJftE   IDADRH 
*THCD£fi&S22Q  UNITS 

cowouro SAMPLE RESULT 
(S) 

DUPLICATE RESULT RPD 

Benzene AJD AJb kir. 
Toluene 

Ethyl   benzene 

Ch lorobenzene 

1P4-0 Ich lorobenzene 

1P5-0 Ichlorobenzene 

1r2-Ü Ichlorobenzene * § A* 4* 

P-Xy'iene 

M-Xylene 

O-Xylene 

RPD - RELATIVE PERCEhfT DIFFERED 

RPD - C'SHDl/((S+0)/2): x  100 

i 
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VOA DUPLICATE RESULTS 

LAB ijBflgygfcB 
SAMPLE   \DAC3SZ 
METH0O_^a. UNI TSJia/JM 

COMFOUH) SAMPLE RESULT DUPLICATE RESULT RPO 

Benzene AJ p MD AJC 

Toluene 

Ethyl   benzene 

Chlorobenzene 

1.4-0 Ichlorobenzene 

1.3-0 Ichlorobenzene 

1.2-0 Ichlorobenzene 4 > 4ft A> 
P-Xylene 

M-Xylene 

Q-Xylene   

RPD - RELATIVE PERCENT DIFFEREfCE 

RPO - C'S-0l/((S+0)/2)] x  100 

H-145 



TT wwp^«pp '^ » •P 

SS02 /7ft 

s 
DAILY QUALITY CONTROL 

RAS GC LAB 

DATE:    2 y\-%& SPIKED VALUE 
(UR/L) 

ANALYZED VALUE 
us/L) 

z 
RECOVERY 

INSTRUMENT 
& £j 6 ft (r ft 

ANALYST 
CfiCr etc rw. f-ac CK- r*: COMPOUND 

EPA 601 

EPA 602 

EPA  608 

Chloromethane 16.2 \0A I/Al IMtf <w Cf[ ^1 
Chloroethane 28.1 (Y)i0 tton R«3 im (no toQ 

Methylene Chloride 26.3 cm ell,?? Zftä °te W 32 
1,1-Dichloroethylene 45.0 Httti (ti,0 SfU 107 Kti3 \9? 
Trans- 
1,2-Dichloroethylene 12.5 

Carbon Tetrachloride 60.0 fflß lCfi,2> \rft,i ?W lift 
Dichlorobromethane 40.0 <itfa <täö 1\Jn irffi IP( IH4 

1.1.2-Trichloroethane 33.8 

Benzene 3C.7 ncA 
Toluene 4.1 ^AQ iidi 
Ethylbenzene 11.5 II.O Qc? 

P-Xylene 19.1 

M-Xylene 42.6 

O-Xylene 10.6 

Aroclor 1242 
(ug/g) 
58.7 

(ug/g) 

Aroclor  1260 56.8 < 

pcor ir^eav^ctVion 
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RADIAN 

QC/QA Data Request 

Sam»  No.  84-04-119 

Steve Madden 

10/30/86 

1) I   was unable to find any standard  notebooks,   instrument   log books,  or 

analyst   log books   (work  books)  that gave any reference to the work 

performed   in this work order. 

2) Pesticides Analysis  (608,   including PCB's and DDT 

a)       I   found 9  HP3390 chromatograms related to these analyses  (Nos   14-22, 

Indus Ive) 

1) No   integrator conditions are given,  but   It   Is obvious that an 

attenuation change was made between  standard   injections,   run 

#14 and  run #22 

2) Two standard   injections were made:   run #14 and  run #22 - the 

first and   last   injections of the series 

a) They are both   logged as "2uL 0C Pest Std 0.05 ug/mL" 

b) The column   Is apparently mixed  phase at   I05°C   (as given an 

additional   page   In the folder) 

c) No pesticide  ID's are given  (I   have guessed on one copy) 

d) Xerox copies of the standards are attached 

3) One Method  Blank   injection was made:   run #15 

a) It   is   logged as "2uL Method Blank  500mL ->   five mL" 

b) Xerox copy of this chromatogram   is attached 

H-149 
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b)      Total   QC/QA Data on Pesticides 

1) 2 pesticides standard chromatograms 

2) I   annotated  pesticide chromatogram  (with   ID!s provided  by me) 

3) I   method blank chromatogram 

3)       Herbicides Analysis  (2,4-D and 2,4,5-TP  (Silvex) 

a)       I   found 9 HP 3390 chromatograms  related to this analysis  (runs 23-31 

Inclusive) 

1) No   Integrater conditions are given 

2) One standard   Injection was made:   run #23 

a) It   is   logged as "2uL  Herb  Std   .1   ug/mL" 

b) The column   Is apparently the same as one  for pesitcides 

(mixed  phase at   I05°C) 

c) No  herbicides   ID's;  are given  (I   have guessed on one copy) 

d) A Xerox copy of the standard chromatogram   is attached 

3) One apparent method  blank chromatogram was made:   run #24 

a) It   is   logged  as "2uL MB-Herb 900mL ->5mL" 

b) A Xerox copy of this chromatogram   is attached 

H-150 
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b)  Total QC/QA data on Herbicides 

1) I herbicide standard chromatogram 

2) I annotated herbicides standard chromatogram (with ID1s 

provided by me) 

3) I method blank chromatogram 

4)  Naled (Dibrom) Analysis 

There is no data of any kind related to this analysis present In the 

folder. 

H-151 
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T=5 

4UJL "tö   w_-q»5MJL_ * "te 

STOP 

kUN 
ID 

MI 
•1-4*!>3d-*l 

HHf- ft'ip»    13 23 M 

AREP\ 
RT 

d 92 
<d 2!) 
I D9 

1 U 
2 1? 
£ €3 
3 t.3 
4 25 
b M 
b Pi 
7 I« 

13 4* 
W « 
22 «1 

nfcfcrt 
1434b 

79*ü4IB8 
co1468 

I £4?« 
»W< 

1333 3 
It 440 
\Wl 

4/412 
lift* 
Wife» 
9»>a39 

TYPt 
n rtK 
ObP* 
01 Bß 
DTfeG 

KV 

VP 
PV 
VB 
ÜV 
vv 
vb 

PV 
v; 

TOTAL  APkA* 8b4#»*e 
inn- t-ACTut*= i eewt*£+«» 

»k-'HT 

•ft 
*72 
120 
»33 
lbo 
229 

334 
331» 
472 

0 ä52 
1 I9C 
i   53b 

W « 
vi 1?4 

K   431 
3 «58 
Ö  U6 
8 «a 
6 «93 

15'' 
III 

\4l 

I 
I 
I 
I 

1 
v 

l 123 

374 
! 

.- 
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-KT 

ft 6t 
1 « 
1 .7 
2 13 
2 ^ 
j 9« 
3 48 
4 22 
5 W 
6 •'" 
6 69 
7 It 
3 42 

SI 3« 

14.W 
22 tl 

L9£3ltf6 Dibb 
3/3*2 OiW 

4i nw 
£:;3iv* 
193M 
2*614« 

l41öS 
224?;*- 
rVb'<b8 
4432*4 

mtit 
2*44*1 

,'7231 

IW 
TVV 
TVV 
1 Vh" 
TPV 
ll'V 
TW 
rvv 
IW 
TPV 
1PV 

ipb 

».143 
I.C73 
*   147 
ft   1*9 
•.14« 

w 178 
o cli 
* I-?; 
ti ::$* 

0   344 

6 4*,c 

i. l*S 
i 30; 
I 77* 

4<*n 
v» 131 
1 2?4 
? Mt9 
I   "{**? 
ft *38 
\ »; 
ft «ci 
l 239 
ft >i68 
i en 
1 IT? 
2 »88 
I ftt3 
1 374 
1  3M 
o 379 

HIJL FACTO**   1  <****«** 

H-155 



I GS /05SS0O 
o?-'? V/7/9Q   6S&fOL. q-TS^b 
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6-70 ^aiaio 
^.^3 /7/Sc^öC) 
/ö 3$ ^7ö360 
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QC/QA Data Request 

Sam# No. 84-05-059 

Steve Madden 

10/30/86 

1) I was unable to find any standard notebooks. Instrument logbooks, or 

analyst logbooks (workbooks) that gave any reference to the work 

performed In this work order. 

2) Pesticide Analysis (608) 

a)   I found II HP 3390 chromatograms related to this analysis (runs 

#201-204, and 206-207 on 5/30/84, and run 1-4 on 6/1/84, and run 5 

on 6/2/84) 

I)   No integrator conditions are given 

2)  Of the runs made on 6/1-2/84, three are unlabled, but two 

appear to be standard Injections. One is labled, and one is 

not (runs I and 2 of 6/1/84) 

a) The logged sample reads "2uL tests Std 0.05 ug/mL" (run 

II) 

b) No column information Is given 

c) No pesticide ID's are given, but could be the same as 

those tentively identified by me*, in the same manner, as 

case 84-04-119 

d) Xerox copies of both standard chromatograms are attached 

3)  One method blank injection was made: run #201 on 5/30/84 

a)   It is labled "7uL MB 1L ->4mL Pest" 

b)  A Xerox copy of this chromatogram Is attached 
H-162 
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4)  One pesticide spike Injection ws made: run #202 on 5/30/84 

a) It is labeled "2uL Spike Pest 1L -> 5mi_" 

b) In addition there are three analyst sheets describing 

decisions and spike calculations 

c) The standard areas appear to be from run #Ip  6/I/84 

d) The spike areas seem to be from run #202 on 5/30/84 

1) The spiked amounts are apparently 0.05 ppb by both 

compounds (tentatively Identified as alpha isomer-BHC 

and I indane - case #84-04-119) 

2) recoveries are indicated as 120$ and 180$ for two 

compounds 

e) a Xerox copy of the standard injection Is attached 

f) Xerox copies of the analyst sheets are attached 

b)  Total QC/QA Data on Pesticides 

1) Two pesticide standard chromatograms 

2) One method blank chromatogram 

3) One spike chromatogram 

4) Three analyst sheets (work sheets) 

3)  Herbicide Analysis (2,4-D and 2,4,5-TP) 

H-163 
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a)  I found II HP 3390 chromatograms related to this analysis (runs 20, 

22-27 on 6 June 84, and runs 29-32 on 6/7/84) 

1) No Integrator conditions are given 

2) Two standard Injections were made: run #20 on 6/6/84 and run # 

29 on 6/7/84 

a) Both chromatyograms are labeled as rt2uL HERB STD 0.1 

ug/mL" 

b) No column Information is given 

c) No herbicide ID's are given, but are presumably the same 

as those tentatively made, by me as on case 84-04-119 

d) A Xerox copy of both standard injections Is attached 

3) One method blank injection was made: run #22 on 6/6/84 

a) It Is labled as "2uL MB 1L -> 5mLM 

b) a Xerox copy of this chromatogram Is attached 

4) One spike injection was made: run #23 on 6/6/84 

a) It is labled as "2uL HERB SPIKE !0ug/ml 1L -> 5mL" 

b) a Xerox copy of this chromatogram is attached 

5) One analyst worksheet is included that describes analyst 

decisions 

a)  A Xerox copy of this sheet is attached 

i 
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RADIAN 

b)  Total QA/QC Data on Herbicides 

1) 2 Herbicide Standard Chromatograms 

2) I Herbicid Method Blank Chromatogram 

3) I Hero leide Spike Chromatogram 

4) I Analyst Worksheet 

4)  Naled (Dibrom) Analysis 

There Is no data of any kind related to this analysis present in the 

folder 
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Retention Times - Bergstom AFB 1984/85 

Parameter Retention Times Retention Times 
601/8010 (Column 1) 

Chloromethane 2.97 
Bromomethane 3.75 
Vinyl chloride 4.37 
Chloroethane 5.19 
Methylene chloride 7.56 
Trichlorofluoromethane 10.26 
1,1-Dichloroethene 11.43 
1,1-Dichloroethane 12.94 
Trans-1,2-Dichloroethene 14.04 
Chloroform 14.59 
1,2-Dichloroethane 15.46 
1,1»1-Trichloroethane 16.67 
Carbon tetrachloride 17.07 
Bromodichloromethane 17.78 
1,2-dichloropropane 19.14 
Trichloroethene 20.14 
Dibromochloromethane 20.64 
2-Chloroethylvinyl ether 21.99 
Bromoform 23.41 
Tetrachloroethylene 25.99 
Chlorobenzene 28.44 
1,3-Dichlorobenzene 36.61 
1,2-Dichlorobenzene 37.33 
1,4-Dichlorobenzene 37.59 

602/8020 
Benzene 3.35 
Toluene 4.71 
Ethyl benzene 7.53 
Chlorobenzene 11.06 
1,4-Dichlorobenzene 17.37 
1,3-Dichiorobenzene 18.16 
1,2-Dichlorobenzene 22.71 
P-Xylene 13.-SI 
M-Xylene 11.99 
O-Xylene 12.52 

(Column 2) 
4.44 
5.77 
4.44 
7.22 
9.09 
5.11 
6.45 
11.24 

11.24 
16.25 
12.11 
9.60 
14.67 

11.74 

18.94 
13.90 
18.50 
22.42 
23.68 
22.14 

6.72 
9.85 
13.23 
13.92 
26.54 
25.14 
30.30 
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Chromatographie  Conditions 

EPA Method 601 - Column 1 conditions: Carbopack B 60/80 mesh coated with 1% 
SP-1000 packed in an 8 ft. x 1/8 in. OD glass column with helium carrier gas 
at a 40 mL/min. flow rate.  Column temperature held at 45° for 3 min. then 
programmed at 8° C/min. to 220° and held for 15 min.  Instrument detection = 
0.1 ug/L. 

EPA Method 601 - Column 2 conditions:  Porasil-C 100/120 mesh coated with 
n-octane packed in a 6 ft x 1/8 in. OD glass column with helium carrier gas at 
40 mL/min. flow rate.  Column temperature held at 50° C for 3 min. then 
programmed at 8° C/min. to 170° and held for 4 min. 

EPA Method 602 - Column 1 conditions: Supelco 100/120 mesh coated with 5% 
SP-1200 and 1.75 % Bentone-34 packed in a 6 ft.x 1/8 in. OD glass column with 
helium carrier gas at 36 mLs/min flow rate. Column temperature held at 50° C 
for 2 min. then programmed at 6° C/min to 90° C for a final hold.  Instrument 
detection limit = 0.5 ug/L. 

EPA Method 602 - Column 2 conditions:  Chromosorb W-AW 60/80 mesh coated with 
5% 1,2,3-Tris(2-cyanoethyoxy)propane packed in a 6 ft. x 1/8 in. OD glass 
column with helium carrier gas at 30 mLs/min. flow rate.  Column temperature 
held at 40° C for 2 min. then programmed at 2° C /min. to 100° C for a final 
hold. 

Second column confirmation was performed on workorder # 84 03 205 samples -01, 
-02, and -04 for method 602.  All results reported for benzene and 
ethylbenzene were confirmed qualitatively.  A quantitative confirmation is not 
performed by second column. 
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m 

LAB I *Y tO*vS^>J 
CLIENT NAME 

ID 

ö+*C<Sf*4jh-~ 

SAMPLE h-^c 

EPA METHOD 
601 

Date: 
Analyst: 
Instrument: 

EPA METHOD 
602 

Date: Vf^JW 
Analyst: L( 
I n st rument: ßdL^ 

COMPOUND Concentration 
(pg/D 

COMPOUND Concentration 
(ug/L) 

IVio 

Of' 
Chtoromethane Benzene 163(/  5 
Bromfcmethane Toluene 

Vinyl Vhloride Ethyl  benzene 3o3> 
Chloroethane 1,3-Dichlorobenzene 

Methylene chloride 1,2-Dichlorobenzene 

Trichlorofluoromethane 1,4-Dichlorobenzene 

1,1-DichloYoethene 

1,1-Dichlor^ethane 

trans-1,2-Diqiloroethene 

Chloroform 

1,2-DichloroethVie 

1,1,1-Trichloroe^hane 

Carbon tetrachlorkle 

Bromud ichlo rome th a i 

1,2-Dichloropropane 

trans-1,3-Dichloroprosene 

Trichloroethene 

Di bromochl oroiiiethane 
1,1,2-Tnchloroethane 
cis-1,3-Dichlcropropene 

2-Chloroethylvinyl   ether 

Bromofor.n 

1,1,2,2-Tetrachloroethane 
Tetrachloroethylene  

Chlorobenzcne 

H 

COMMENTS 

£cuirw   I 

1,3-01chlor'.henzene 

1,2-Dichlorobenzene 

1,4-Dichlorobenzene 

H-177 



^r wmm wv 

VOA RESULTS 

IAR*         *^»~^S~0^ 

Q IFNT NAME         &ÄC VTJu/'N 

SAMPI.E   ID              fV<Wf 

EPA METHOD      ?at*: *MT cni             Analyst: 6< n        , _-. 
601             Instrument: Q^^-lfr 

i EPA METHOD      °at?: *$*)* rno            Analyst: (0 
bU*            Instrument: »OJJ^A 

COMPOUND                  Concentration 
(ug/Lj 

COMPOUND                 Concentration 
(ug/L) 

Chloromethane Benzene                             l1(<? 

Bromomethane Toluene 

Vinyl chloride Ethyl  benzene                   4 3^ 

Chloroethane 1,3-Dichlorobenzene 

Methylene chloride 1,2-Dichlorobenzene 

Trichlorof1uoromethane       0- - 3 1,4-Dichlorobenzene 

1,1-Dichloroethene 

1,1-Dichloroethane 

trans-1,2-Dichloroethene     t/>. (* 

Chloroform 

1,2-Dichloroethane 

1,1,1-Trichloroethane 

Carbon tetrachloride 

Bromodichloroinethai.? COMMENTS 

1,2-Dichloropropane 

* f*W   C-(v^\w^)05    *V**f    U4   fco 
trans-1,3-Dichloropropene 

Trichloroethene                      ^ ' o    Vv* : 

Dibromochloromethane 
1,1,2-Tn chloroethane 
cis-1,3-Dichlcropropene 

2-Chloroethylvinyl  ether 

Bromofonn 

1,1,2,2-Tetrachloroethane 
Tetrachloroethylene 

Chlorobenzrne 

1,3-Dichlor'^enzene 

1,2-Dichlorobenzene 

1,4-Dichljrobenzene 

l:io 

o4- 
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VOA RESULTS 

' 

i > 

LAB # . tV« ~2>^^-o^ 
CLIENT NAME 

ID 

tWt^/« 
SAMPLE AoV? 
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VOA RESULTS 

IAR I           ^Vo3^o^-Of 
CA TFNT  NAME              ßÄ£irW~ 

<^VMPIF ID                   Pr^ I 

EPA METHOD      ^l1^ 
finl             Analyst:^    /> 
0UI              Instrument: I'XA^JLJG' 

EPA METHOD      JUjLt^S' 
602            Instruct! *9jl<^ 

COMPOUND                  Concentration 
(pg/L) 

COMPOUND                 Concentration 
' (wg/L) 

Chloromethar.t; Benzene                                   o%^5 

Bromomethane Toluene                                % 

Vinyl  chloride Ethyl  benzene 

Chloroethane 1,3-Dichlorobenzene 

Methylene chloride 1,2-Dichlorobenzene 

Trichlorofluoromethane        ^P. V 1,4-Dichlorobenzene 

1,1-Dichloroethene 

1,1-Dichloroethane 

trans-1,2-Dichloroethene        [S* • 

Chloroform 
- 

1,2-Dichloroethane 

1,1,1-Trichloroethane 
Carbon tetrachloride 

ßromodichloromethai.? COMMENTS 

1,2-Dichloropropane 

r 

trans-1,3-Dichloropropene 

Trichloroethene 

Oibromochlor one thane 
1,1,2-Trichloroethane 
cis-1,3-Dichlcropropene 

2-Chioroethy1 vinyl  ether 

Bromofonn 

1 ,1 ,2,2-Tetrachloroethane 
Tetrachloroethy'ene 

Chlorobenzone 

1,3-Qichlor,benzene 

1,2-Dichlorobenzene 

1,4-Dichlorobenzene 

^f 

^ 

J- 
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VOA RESULTS 

LAB |  fS*t  >lfT~o\ 

CLIENT NAME     £>*l!>fAO* ' 

SAMPLE ID         fh>i  ( 

EPA METHOD     ^V 
601        Analyst: 

Instrument: 

EPA METHOD    °at*: V"^ 
602        Analyst: C,     Q 

Instrument: iJJc^^ 

COMPOUND         Concentration 
(üR/L) 

COMPOUND        j AD ncentration 

Chloromethane 
J 2 

Benzene ' AJO 
Bromomethane Toluene                   / 

Vinyl chloride Ethyl benzene             / 

Chloroethane 
/ 

1,4-Dichlorobenzene       J 

Methylene chloride 1,3-Dichlorobenzene       / 

Trichlorofluoromethane 1,2-Dichlorobenzene 

1,1-Dichloroethene 

1,1-Dichloroethane 

trans-1,2-Dichloroethene 

Chloroform 

1,2-Dichloroethane 

1,1,l-Trichloroethane 

Carbon tetrachloride 

Bromodichlororaethane COMMENTS 

1,2-Dichloropropane SURROGATE RECOVERIES: 

601 

Bromochloromethane 

Trichloroethene 

Dibromochloromethane 
1,1,2-Trichloroethane 
cis-1,3-Dichloropropene 2-Bromo-l-Chloropropane 

602 

a,a,a,-Trifluorotoluene 

\ 
t 

«f. 
2-Chloroethylvinyl ether 

Bromofonn 

1,1,2,2-Tetrachloroethane 
Tetrachloroethvlene 

Chlorobenzene 

1,3-DIchlorobenzene 

1,2-Dichlorobenzene 

1,4-Dichlorobenzene 

H-181 
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VOA RESULTS 

LAB I ?^OJI^""^ 

CLIENT NAME T&^te^bj-- 

SAMPLE ID  ^\<?> 

Date:   ~~ 
Analyst: 
Instrument 

Analyst: cJ 
Instrument: 

EPA METHOD 
601 

EPA METHOD 
602 

Date 

au 
/.'.To 

COMPOUND Concentration 
(HR/L) 

COMPOUND yOftnceni 

7 V? 

ncentration 

W^ 
Chloromethane Benzene 

Bromomethane Toluene 

Vinvl chloride Ethvl benzene 

Chloroethane 1,4-Dichlorobenzene 

Methvlene chloride 

Trichlorofluoromethane 

1,3-Dichlorobenzene 

1,2-Dichlorobenzene 

1,1-Dichloroethene 

11 i-Dichloroethane 

trans-I,2-Dichloroethene 

Chloroform 

1«2-Dichloroethane 

1,1,1-Trichloroethane 

Carbon tetrachloride 

Bromodichloromethane 

1,2-Dichloropropane 

Trichloroethene 

Dibromochloromethane 
1,1,2-Trichloroethane 
cis-1,3-Dichloropropene 

2-Chloroethylvinyl ether 

Bromofonn 

1,1,2,2-Tetrachloroethane 
Tetrachloroethvlene 

Chlorobenzene 

1,3-Dlchlorobenzene 

1,2-Dichlorobenzene 

1,4-Dichlorobenzene 

COMMENTS 

SURROGATE RECOVERIES: 

601 

Bromochloromethane 

2*Bromo-l-Chloropropane   

602 

a,a,a,-Trifluorotoluene     j^0 (p 

/-% ? r <4 {^ T&~ 

H-182 
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VOA RESULTS 

LAB  I        ffbfrf :PT-63 

CLIENT  NAME 

SAMPLE  ID 

&*€$?/* 
/h>?~!> 

Date: 
Analyst: 
Instrument 

EPA METHOD 
601 

EPA METHOD 
602 Analyst £/ 

Instrument :l^t^»^ 

COMPOUND Concentration COMPOUND 
(qg/L) 

ncentration 

Chloromethane Benzene si/? 
Bromomethane Toluene 

Vinyl chloride Ethyl benzene 

Chloroethane I,4-Dichlorobenzene 

Methvlene chloride 1,3-Dichlorobenzene 

Trichlorofluoromethane 1,2-Dichlorobenzene 

1, 1-Dichloroetheae 

1,1-Dichloroethane 

trans-I,2-Dichloroethene 

Chloroform 

1,2-Pichloroethane 

1,1,1-Trichloroethane 

Carbon tetrachloride 

Bromodichloromethane 

1,2-Dichloropropane 

Trichloroethene 

Dibromochloromethane 
1,1,2-Trichloroethane 
cis-1,3-Dichloropropene 

2-Chloroethvlvinyl ether 

Bromoform 

1,1,2,2-Tetrachloroethane 
Tetrachloroethvlene     

Chlorobenzene 

1,3-Dichlorobenzene 

1,2-Dichlorobenzene 

1,4-Dichlorobenzene 

COMMENTS 

SURROGATE RECOVERIES 

601 

Bromochloromethane 

2-Bromo-l-Chloropropane  

;602 i 

ci,a,a,-Trif luorotoluene /Qi L 

i 

H-18J 
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VOA RESULTS 

LAB i    /«n»»tf*^<*Y 
CLIENT NAME    P*£i&5ff*ol~- 

SAMPLE ID         ^*W 

EPA METHOD    ?aCf: 
601       Analyst: 

Instrument: 

EPA METHOD    Date: 3/4/,,- 
602        Analyst: O 

Instrument :DOi>Al 

COMPOUND         Concentration 
(tta/L) 

COMPOUND       /Concentration 

Chloromethane Benzene               ^Jp 

Bromomethane Toluene                 / 

Vinyl chloride Ethyl benzene           / 

Chloroethane 1,4-Dichlorobenzene     / 

Methylene chloride 1,3-Dichlorobenzene     I 

Trichlorofluoromethane vJ 1,2-Dichlorobenzene 

1,1-Dichloroethene 

1,1-Dichloroethane 

trans-1,2-Dichloroethene 

Chloroform 

1,2-Dichloroethane 

1,1,1-Trichloroethane 

Carbon tetrachloride 

Bromodichloromethane COMMENTS 

1,2-Dichloropropane SURROGATE RECOVERIES: 

601 

Bromochloromethane 

2-Bromo-l-Chloropropane 

Trichloroethene 

Dibromochloromethane 
1,1,2-Trichloroethane 
cis-1,3-Dichloropropene 

;602 
1                      /   f 
;  a,a,a,-Tr:\fluorotoluene/Q^ * 

1       J 
j 

2-Chloroethylvinvl ether 

Bromoform 

1,1,2,2-Tetrachloroethane 
Tetrachloroethylene 

Chlorobenzene 

1,3-Dichlorobenzene 

1,2-Dichlorobenzene 

1,4-Dichlorobenzene 

H-184 
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VOA RESULTS 

LAB #      &ro*<*r-o:T 
CLIENT NAME    C#A btfAtir— 

SAMPLE ID           **f> 

EPA METHOD    °aC?: 
601       Analyst: 

Instrument: 

EPA METHOD    Uat*'¥(./*/ 
602       Analyst: C/ 

Instrument '/J^MJLL. 

COMPOUND         Concentration 
(WR/L) 

COMPOUND       i Concentration 

Chloromethane Benzene              J\lf) 

Bromomethane Toluene                / 

Vinyl chloride Ethyl benzene          / 

Chloroethane 1,4-Dichlorobenzene     / 

Methylene chloride 1,3-Dichlorobenzene     / 

Trichlorofluoromethane 1,2-Dichlorobenzene    w 

1,1-Dichloroethene 

1,1-Dichloroethane 

trans-1,2-Dichloroethene 

Chloroform 

1,2-Dichloroethane 

1,1,1-Trichloroethane 

Carbon tetrachloride 

Bromodichloromethane COMMENTS 

1,2-Dichloropropane SURROGATE RECOVERIES: 

601 

Bromochloromethane 

Trichloroethene 

Dibromochloromethane 
1,1,2-Trichlcroethane 
cis-1,3-Dichloropropene 2-Bromo-l-Chloropropane 

602 

a,a,a,-Trifluorotoluene l^U (a 

4 

2-Chloroethylvinyl ether 

Bromoform 

1,1,2,2-Tetrachloroethane 
Tetrachloroethylene 

Chlorobenzene 

1,3-Dichlorobenzene 

1,2-Dichlorobenzene 

1,4-Dichlorobenzene 

H-185 
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VOA RESULTS 

LAB i    #£ o31 ry- ou 
CLIENT NAME 

SAMPLE ID 

6^fl<;3^o^- 
A^L 

EPA METHOD 
601 

Date: 
Analyst: 
Instrument 

EPA METHOD 
602 

fsr Dace: ^Us 
Analyst: ^^4. 
Instrument oQJL^ 

(l.ro 

COMPOUND Concentration COMPOUND 

JM 
ncentration 

Chloromethane Benzene sJQ 
Bromomethane Toluene 

Vinyl chloride Ethyl benzene 

Chloroethane 1,4-Dichlorobenzene 

Methylene chloride 1»3-Dichlorobenzene 

Trichlorofluoromethane 1,2-Dichlorobenzene 

1.1-Dichloroethene 

1,1-Dichloroethane 

trans-i,2-Dichloroethene 

Chloroform 

1,2-Dichloroethane 

1,1,l-Trichloroethane 

Carbon tetrachloride 

Bromodichloromethane 

1,2-Dichloropropane 

Trichloroethene 

Dibromochloromethane 
1,1,2-Trichloroethane 
eis-1,3-Dichloropropene 

2-Chloroethylvinyl ether 

Bromoform 

1,1,2,2-Tetrachloroethane 
Tetrachloroethylene  

Chlorobenzene 

1,3-Dichlorobenzene 

1,2-Dichlorobenzene 

1,4-Dichlorobenzene 

COMMENTS 

SURROGATE RECOVERIES 

601 

Bromochloromethane 

2-Bromo-l-Chloropropane 

:602 

a,a,a,-Trifluorotoluene Qy£ 

H-186 
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VOA RESULTS 

CLIENT NAME 

SAMPLE ID 

LAB ggfr3l$g-V7 
&aft4*#ar-* 
0/7 

EPA METHOD 
601 

Date: 
Analyst: 
Instrument 

EPA METHOD 
602 

Date: 3/fr/W 
Analyst:/^ 
Instrument: ft Ufa „ 

/:sb 

COMPOUND Concentration COMPOUND / /Joncentration 

Chloromethane Benzene 7 AJO / s*) 
Bromomethane 

|Vlnyl chloride 

Toluene 

Ethyl benzene 

Chloroethane 1,4-Dlchlorobenzene 

Methylene chloride 1,3-Dlchlorobenzene 

Trichlorofluoromethane 1,2-Dlchlorobenzene 

1,1-Dichloroethene 

1,1-Dlchloroethane 

trans-l,2-Dichloroethene 

Chloroform 

1,2-Dlchloroethane 

1,1,1-Trichloroethane 

Carbon tetrachlorlde 

Bromodichloromethane 

1,2-Dichloropropane 

Trichloroethene 

Dlbromochloromethane 
1,1,2-Trichloroethane 
els-1,3-Dlchloropropene 

2-Chloroethylvlnyl ether 

Bromoform 

1,1,2,2-Tetrachloroethane 
Tetrachloroethylene 

Chlprobenzene 

1,3-Dlchlorobenzene 

1,2-Dichlorobenzene 

1,4-Dlchlorobenzene 

COMMENTS 

SURROGATE RECOVERIES 

601 

Bromochloromethane 

2-Bromo-l-Chloropropane ______ 

;602 tf 
a,a,a,-Tr^fluorotoluene \yrL+ 

2.o[,-) :f^ -re* 

f-AT* 

H-187 



^ VT ^p 

VOA RESULTS 

LAB 1  Jffö>lrtVrf 

CLIENT NAME   fc>8b>Q±'l7l<*r- 

SAMPLE ID        Avf/ 

EPA METHOD    ?at*: 
601       Analyse: 

Instrument: 

EPA METHOD    ?ate : Vc^r 
602     -  faly8ts/»*Q, , Instrument :9*+JU>-> 

COMPOUND         Concentration 
(MK/L) 

COMPOUND       / ^Concentration 

Chloromethane Benzene               /^O 

Bromoraethane Toluene                1 

Vinyl chloride Ethyl benzene          / 

Chloroethane 1,4-Dichlorobenzene     / 

Methylene chloride 1,3-Dichlorobenzene    / 

Trichlorofluoromethane 1,2-Dichlorobenzene   Vy 

1.l-Dichloroethene 

1,1-Dichloroethane 

trans-L,2-Dichloroethene 

Chloroform 

1,2-Dichloroethane 

1,1, 1-Trichloroethane 

Carbon tetrachloride 

Bromodichloromethane COMMENTS 

). ,2-Dichloropropane SURROGATE RECOVERIES: 

601 

Bromochloromethane 

r 

Trichloroethene 

Dtbromochloromethane 
1,1,2-Trichloroethane 
eis-1,3-Dichloropropene 2-Bromo-l-Chloropropane 

602 

a,a,a,-Trifluorotoluene IQ/   '* 

l       J 

2-Chloroethvlvinvl ether 

Bromoform 

1,1,2,2-Tetrachloroethane 
Tetrachloroethvlene 

Chlorobenzene 

1,3 -Dichlorobenzene 

1,2-Dichlorobenzene 

1,4-Dichlorobenzene 

H-188 
I 



wm 

VOA RESULTS 

LAB # yf"o»nry-of 
CLIENT NAME 

SAMPLE ID 

Chloroechane 

Methylene chloride 

Trichlorofluoromethane 

H^tCsfA 
AWt 

EPA METHOD 
601 

Dace: 
Analyst: 
Instrument: 

COMPOUND Concentration 

 iusJll  
Chloromethane 

Bromomethane 

Vinyl chloride 

1.l-Dlchloroethene 

1.1-Dlchloroethane 

trans-1,2-Dichloroethene 

Chloroform 

1.2-Dlchloroethane 

1,1,1-Trichloroethane 

Carbon tetrachloride 

Bromodichloromethane 

1,2-Dlchloropropane 

Trichloroethene 

Dlbromochloromethane 
1,1,2-Trlchloroethane 
cls-l,3-Dlchloropropene 

2-Chloroethylvlnvl ether 

Bromoform 

1,1,2,2-Tetrachloroethane 
Tetrachloroethylene  

Chlorobenzene 

1,3-Dlchlorobenzene 

1,2-Dlchlorobenzene 

1,4-Dlchlorobenzene 

EPA METHOD 
602 

Date: Z/clr* 
Analyst:^ 
Instrument Ai4^j 

COMPOUND 

Benzene 

4& Concentration 
rJO 

Toluene 

Ethyl benzene 

1,4-Dichlorobenzene 

1,3-Dlchlorobenzene 

1,2-Dlchlorobenzene 

COMMENTS 

SURROGATE RECOVERIES 

601 

Bromochloromethane 

2-Bromo-1-Chloropropane 

602 

a,a,a,-Trifiuorotoluene l*A 

C r 

H-189 



T-" 

VOA RESULTS 

CLIENT NAME 

SAMPLE ID 

Vinyl chloride 

Chloroethane 

Methylene chloride 

Trichlorofluoromethane 

LAB lt       3<°'2(&-)«S 

 ^M7 

EPA METHOD 
601 

Dace: 
Analyst: 
Instrument: 

COMPOUND Concentration 
(gg/L) 

Chloromethane 

Bromomethane 

1.1-Dichloroethene 

1.1-Dichloroethane 

trans-1,2-Dichloroethene 

Chloroform 

1,2-Dichloroethane 

1,1,1-Trichloroethane 

Carbon tetrachloride 

Bromodichloromethane 

1,2-Dichloropropane 

Trichloroethene 

Dibromochloromethane 
1,1,2-Trichloroethane 
cis-1,3-Dichloropropene 

2-Chloroethylvinvl ether 

Bromoform 

1,1,2,2-Tetrachloroethane 
Tetrachloroethylene 

Chlorobenzene 

1,3-Dichlorobenzene 

1,2-Dichlorobenzene 

1,4-Dichlorobenzene 

EPA METHOD 
602 

Date: 3/^ 
Analyse: /^ 
Instrument: AL. 

COMPOUND 

Benzene 
4L ncentration 

-ÖÄ 
Toluene 

Ethyl benzene 

1,4-Dichlorobenzene 

1,3-Dichlorobenzene 

1,2-Dichlorobenzene 

COMMENTS 

SURROGATE RECOVERIES 

601 

Bromochloromethane 

2-Bromo-1-Chloropropane 

602 

a,a,a,-Trifluorot oluene 3/ ** 

\2*f<'i v^^S1 

T 

H-190 



MV 

VOA  RESULTS 

LAB |  /*ojnJ"-<|\ 

CLIENT NAME  /ifi* | £f~ 

SAMPLE ID        A"fc^ | 

EPA METHOD    °at*: „ 
601        Analyst: 

Instrument: 

EPA METHOD    ^V^h' 
602        T    y        fi/^r\6  < Instrument: flCJüi^i. 

COMPOUND         Concent ratIon 
(üR/L) 

1    COMPOUND        /jCtmcentration 

Chloromethane s   ' VXlrl Benzene                     J 

Bromomethane Toluene                   / 

Vinyl chloride Ethyl benzene             / 

Chloroethane 1,4-Dichlorobenzene       / 

Methylene chloride 1,3-Dichlorobenzene       I 

Trichlorofluoromethane 1,2-Dichlorobenzene       */ 

1,1-Dichloroethene 

1,1-Dichloroethane 

trans-1,2-Dichloroethene 

Chloroform 

1,2-Dichloroethane 

1,1,1-Trichloroethane 

Carbon tetrachloride 

Bromodichloromethane COMMENTS 

1,2-Dichloropropane SURROGATE RECOVERIES: 

601 

Bromochloromethane 

2-Bromo-1-Chloropropane 

Trichloroethene 

Dibromochloromethane 
1,1,2-Trichloroethane 
eis-1,3-Dichloropropene 

;602                       ^ 

o,a,a,-Trif luorotoluene^ Q /" 

i 
t 

2-Chloroethylvinvl ether 

Bromoform 

1,1,2,2-Tetrachloroethane 
Tetrachloroethylene 

Chlorobenzene 

1,3-Dichlorobenzene 

1,2-Dichlorobenzene 

1,4-Dichlorobenzene 

l:f 
i? 

H-191 



VT wmm W ^^ n 

VOA RESULTS 

LAB i    gfbn **"-< * 
CLIENT  NAME 

SAMPLE   ID 

teaiyfcgS 
/¥&*i 

EPA METHOD 
601 

Date: 
Analyst: 
Instrument 

EPA METHOD 
602 

Analyst: J* 
Instrument :& itLc; 

COMPOUND Concentration COMPOUND *M ncentration 
Chloromethane Benzene ^2 
Bromomethane Toluene 

Vinyl Chloride Ethyl benzene 

Chloroethane 1,4-Dichlorobenzene 

Methylene chloride 1,3-Dichlorobenzene 

Trichlorofluoromethane 1,2-Dichlorobenzene 

I.1-Dichloroethene 

1,1-Dichloroethane 

trans-1t2-Dlchloroethene 

Chloroform 

1,2-Dichloroethane 

1,1,1-Trichloroethane 

Carbon tetrachloride 

Bromodichloromethane 

1,2-Dichloropropane 

Trichloroethene 

Dibromochloromethane 
1,1,2-Trichloroethane 
cis-1,3-Dichloropropene 

2-Chloroethylvinyl ether 

Bromofonn 

lf1,2,2-Tetrachloroethane 
Tetrachloroethylene  

Chlorobenzene 

1,3-Dichlorobenzene 

1,2-Dichlorobenzene 

1,4-Dichlorobenzene 

COMMENTS 

SURROGATE RECOVERIES 

601 

Bromochloromethane 

2-Bromo-l-Chloropropane _____ 

oluene 10/ * a,a,a,-Trifluoroti 

H-192 



T ^^ "^P-^^F wm 

VOA RESULTS 

us i   *^Sicr-*3 
CLIENT NAME    (ßtfft 6S&3^ 

SAMPLE ID        A>»f3 

EPA METHOD    "  ,' 
601        Analyst: r 

Instrument: 

EPA METHOD    ^V^^f 
602        Ty^^r Instrument: MiLc 

/•'TV 

COMPOUND         Concentration 
<W*/L) 

COMPOUND         /Cfc 
4*y 

ncentration 

Chloromethane Benzene ' A/O 

Bromomethane Toluene                    / 

Vinyl chloride Ethyl benzene             / 

Chloroethane 1,4-Dichlorobenzene       / 

Methylene chloride 1,3-Dichlorobenzene       / 

Trichlorofluoromethane 1,2-Dichlorobenzene      \J 

1,1-Dichloroethene 

1, l-Dichloroethane 

trans-1f 2-Dichloroethene 

Chloroform 

1,2-Dichloroethane 

1,1,1-Trichloroethane 

Carbon tetrachloride 

Bromodichloromethane COMMENTS 

1,2-Dichloropropane SURROGATE RECOVERIES: 

601 

Bromochloromethane 

2-Bromo-1-Chloropropane 

;602 

a,a,a,-TrifLuorotoluene 

| 

Trichloroethene 

Dibromochloromethane 
1,1,2-Trichloroethane 
eis-1,3-Dichloropropene 

113?, 
2-Chloroethylvinyl ether 

Bromoform 

1,1,2,2-Tetrachloroethane 
Tetrachloroethylene 

Chlorobenzene 

1,3-Dichlorobenzene 

1,2-Dichlorobenzene 

1,4-Dichlorobenzene 

H-193 



-i^r 
"^ 

VOA RESULTS 

. 

LAB i    /ywi^r-/f 
CLIENT NAME     ß^^fjfii*— 

SAMPLE ID     ^2ll£ 

EPA METHOD    *  7" 
601        Analyst: , 

Instrument: 

EPA METHOD    "at*: ^«-[/r 
602        Analyse: *> 

Instrument: AJa^-nl, 

COMPOUND         Concentration C0MPOUNP        /Toncentration 
jykk   tnxtrr 

Chloromethane Benzene              '     fjß 

Bromomethane Toluene                   / 

Vinyl chloride Ethyl benzene             / 

Chloroethane 1,4-Dichlorobenzene        / 

Methvlene chloride 1,3-Dichlorobenzene      , /, 

Trichlorofluoromethane 1,2-Dichlorobenzene 

I,1-Dichloroethene 

1,1-Dichloroethane 

trans-1,2-Dichioroethene 

Chloroform 

1,2-Dichloroethane 

1,1,1-Trichloroethane 

Carbon tetrachloride 

Bromodichloromethane COMMENTS 

1,2-Dichloropropane SURROGATE RECOVERIES: 

601 

Bromochloromethane 

2-Bromo-1-Chloropropane 

Trichloroethene 

Dibromochloromethane 
1,1,2-Trichloroethane 
cis-1,3-Dichloropropene 

:602                        - 

a,a,a,-Trifluorotoluene 7 * Yp 
2-Chloroethvlvinyl ether 

Bromoform 

1,1,2,2-Tetrachloroethane 
Tetrachloroethylene 

Chlorobenzene 

1,3-Dichlorobenzene 

1,2-Dichlorobenzene 

1,4-Dichlorobenzene 

, 

•• 

H-194 



T 

VOA RESULTS 

CLIENT NAME £#U-S#o/— 

SAMPLE ID 

Chloromethane 

Vinyl chloride 

Chloroethane 

Methylene chloride 

Trichlorofluoromethane 

LAB I ^ro^frt"'^ 

frölf 

EPA METHOD 
601 

Date: 
Analyst: 
Instrument 

COMPOUND Concentration 
(Ug/L) 

Bromomethane 

1,1-Dichloroethene 

1, 1-Dichloroethane 

trans-1,2-Dichloroethene 

Chloroform 

1,2-Dichloroethane 

1,1,1-Trichloroethane 

Carbon tetrachloride 

Bromodichloromethane 

1,2-Dichloropropane 

Trichloroethene 

Dibromochloromethane 
1,1,2-Trichloroethane 
cis-1,3-Dichloropropene 

2-Chloroethylvinyl ether 

Bromoform 

1,1,2,2-Tetrachloroethane 
Tetrachloroethylene  

Chlorobenzene 

1,3-Pichlorobenzene 

1,2-Dichlorobenzene 

1,4-Dichlorobenzene 

EPA METHOD 
602 

Date: 3/^. 
Analyst: C{ 
Instrument turn* ; 

COMPOUND ncentration 

Benzene 

Toluene 

Ethyl benzene 

l?4-Dichlorobenzene 

1,3-Dichlorobenzene 

1,2-Dichlorobenzene 

COMMENTS 

SURROGATE P.. JVERIES 

601 

Bromochloromethane 

2-Bromo-1-Chloropropane 

602 

a,a,o,-Trifluorotoluene K% 

H-195 
v 



VOA RESULTS 

• 

LAB 1  *$^VfiT-/L 

CLIENT NAME    fak£Xfß<&-* 

SAMPLE ID        #T>ft* 

EPA METHOD    ^te' 
601       Analyst: 

Instrument: 

EPA METHOD    D*te''  V^fJ* 
602        ^alySt:(y/\(L. Instrument ;**&**% 

COMPOUND         Concentration 
(iiK/L) 

COMPOUND        // Concentration 
^ JtvsTcr 

Chloromethane Benzene AJn 
Bromomethane Toluene 

Vinyl chloride Ethyl benzene             1 

Chloroethane 1,4-Dichlorobenzene       / 

Methvlene chloride 1,3-Dichlorobenzene       / 

Trichlorofluoromethane 1,2-Dichlorobenzene      / 

1,1-Dichloroethene V 
1,1-Dichloroethane 

trans-1,2-Dichloroethene 

Chloroform 

1,2-Dichloroethane 

1,1,1-Trichloroethane 

Carbon tetrachloride 

Bromodichloromethane COMMENTS 

1,2-Dichloropropane SURROGATE RECOVERIES: 

601 

Bromochloromethane 

2-Bromo-l-Chloropropan 

;602 

a,a,ct,-Trif J.uorotoluen 

i 

e 

Trichloroethene 

Dibromochloromethane 
1,1,2-Trichloroethane 
cis-1,3-Dichloropropene 

e&% 
2-Chloroethylvinvl ether 

Bromoform 

1,1,2,2-Tetrachloroethane 
Tetrachloroethylene 

Chlorobenzene 

1,3-Dichlorobenzene 

1,2-Dichlorobenzene 

1,4-Dichlorobenzene 

H-196 



TT ^ W 

I 

v VOA RESULTS 

LAB 1  5^0^(^'/7 
CLIENT NAME £?**Cl>iiok~ 

SAMPLE ID      /Tbf 1 

EPA METHOD    ?at*: 
601       Analyst: 

Instrument: 

EPA METHOD    ?atf: V7'/j' 
602        Analyst:£/ 

Instrument *S*UL, 

COMPOUND         Concentration 
(w/U 

COMPOUND       * /^Concentration 

Chloromethane Benzene                AIQ 

Bromomethane Toluene                 / 

Vinyl chloride Ethyl benzene           / 

Chloroethane 1,4-Dichlorobenzene      / 

Methylene chloride 1,3-Dichlorobenzene      / 

Trichlorofluoromethane 1,2-Dichlorobenzene     \L^ 

1,1-Dichloroethene 

1,1-Dichloroethane 

trans-1t2-Dichloroethene 

Chloroform 

1,2-Dichloroethane 

1,1,1-Trichloroethane 

Carbon tetrachlorUe 

Bromodichloromethane COMMENTS 

1,2-Dichloropropane SURROGATE RECOVERIES: 

601 

Bromochloromethane 

2-Bromo-1-Chloropropane 

Trichloroethene 

Dibromochloromethdne 
1,1,2-Trichloroethane 
cis-1,3-Dichloropropene 

602                 n 
a,a,a,-Trif,uorotoluene ' (7  'o 

!  P. 13^ v^^- 
j 

2-Chloroethvlvinvl ether 

Bromoform 

1,1,2,2-Tetrachloroethane 
Tetrachloroethylene 

Chlorobenzene 

1,3-Dichlorobenzene 

1,2-Dichlorobenzene 

1,4-Dichlorobenzene 

H-197 



TV w^ •^ 9-M- 
-J 

• 

VOA RESULTS 

ri 

LAB 1  £*T>dftff- /f 

CLIENT NAME    jk^CS^kA— 

SAMPLE ID         ^T>^_f 

EPA METHOD    °3t*: 

601        faJySt: , 
Instrument: 

EPA METHOD    °ate:3^7^T 
602        Analyst:^   0 

Instrument: s-' '**-'• 

COMPOUND         Concentration 
(üä/L) 

COMPOUND        / Concentration 

Chloromethane Benzene                A^O 

Bromomethane Toluene 

Vinyl chloride Ethyl benzene            / 

Chloroethane 1,4-Dichlorobenzene      / 

Methylene chloride 1,3-Dichlorobenzene      j 

Trichlorofluoromethane 1,2-Dichlorobenzene     , // 

1,1-Dichloroethene 

> 

1,1-Dichloroethane 

trans-1,2-Dichloroethene 

Chloroform 

1,2-Dichloroethane 

1,1,1-Trichloroethane 

Carbon tetrachloride 

Bromodichloromethane COMMENTS 

1,2-Dichloropropane SURROGATE RECOVERIES: 

601 

Bromochloromethane 

Trichloroethene 

Dibromochloromethane 
1,1,2-Trichloroethane 
cis-1,3-Dichloropropene 2-Bromo-l-Chloropropane 

602 

a,a,a,-Trifluorotoluene 7^ '* 

1 Xi^^ ^-r^ 
i * 

2-Chloroethylvinvl ether 

Bromoform 

1,1,2,2-Tetrachloroethane 
Tetrachloroethylene 

Chlorobenzene 

1,3-Dichlorobenzene 

1,2-Dichlorobenzene 

1,4-Dichlorobenzene 

H-198 



•      V YT mm^mmmmmmm^mm m 

VOA RESULTS 

LAB #   x^>icr-i5 
CLIENT NAME   &**£$fytf% 

SAMPLE ID         A"Df1 

EPA METHOD    ?at*: 
601       Analyst: 

Instrument: 

EPA METHOD    ?at*: 3hl*r 
602       falySt'^On< Instrument: *^*U<^-» 

COMPOUND         Concentration 
(Wl/L) 

COMPOUND        / /Concentration 
i\AvxrcT 

Chloromechane 
J 

Benzene AJQ 

Bromomethane Toluene                  / 

Vinyl chloride Ethvl benzene            / 

Chloroethane 1,4-Dichlorobenzene       / 

Methylene chloride 1,3-Dichlorobenzene      I 

Trichlorofluoromethane 1,2-Dichlorobenzene tiJ 
1,1-Dichloroethenc 

1,1-Dichloroethane 

trans-l,2-Dichloroethene 

Chloroform 

1,2-Dichloroethane 

1.1.1-Trichloroethane 

Carbon tetrachloride 

Bromodichloromethane COMMENTS 

1,2-Dichloropropane SURROGATE RECOVERIES: 

601 

Bromochloromethane 

2-Bromo-l-Chloropropar 

602 

a,a,a,-Trirluorotoluei 

i     3 
1 

le 

Trichloroethene 

Dlbromochloromethane 
1,1,2-Trichloroethane 
cis-1,3-Dichloropropene 

. f£ 2-Chloroethvlvinvl ether 

Bromoform 

1,1,2» 2-Tetrachloroethane 
Tetrachloroethylene 

Chlorobenzene 

1,3-Dichlorobenzene 

1,2-Dichlorobenzene 

1,4-Dichlorobenzene 

H-199 



TT 
mm- 

VOA RESULTS 

LAB 1  J5T^I53~~«5O 

CLIENT NAME   Q<U3^fa/~ 

SAMPLE ID      ^7i*> 

EPA METHOD    "  , * 
601        Analyst: , 

Instrument: 
EPA METHOD    Ztlv*%W'r 

602       AnaiysT. 
Instrument: (HAk1, 

COMPOUND         Concent rat ion 
(M/L) 

COMPOUND        / ^bncentration 

Chloromethane Benzene              A*0 

Bromomethane Toluene               / 

Vinvl chloride Ethvl benzene         / 

Chloroethane 1,4-Dichlorobenzene    / 

Methylene chloride 1,3-Dichlorobenzene    / 

Trichlorofluoromethane 1,2-Dichlorobenzene   v 

1,1-Dichloroethene 

1,1-Dichloroethane 

trans-1,2-Dichloroethene 

Chloroform 

1,2-Dichloroethane 

1,1,1-Trichloroethane 

Carbon tetrachloride 

Bromodichloromethane COMMENTS 

1,2-Dlchloropropane SURROGATE RECOVERIES: 

601 

Bromochloromethane 

2-Bromo-l-Chloropropane 

602                             9 a,a,a,-Trifluorotoluene fO 3 'o 

* 

Trichloroethene 

Dlbromochloromethane 
1,1,2-Trichloroethane 
cis-1,3-Dichloropropene 

2-Chloroethvlvinvl ether 

Bromoform 

1,1,2,2-Tetrachloroethane 
Tetrachloroethvlene 

Chlorobenzene 

1,3-Dichlorobenzene 

1,2-Dichlorobenzene 

1,4-Dlchlorobenzene 

I IT» 
4 

H-200 i   > 



VOA RESULTS 

CLIENT NAME 

SAMPLE  ID 

LAB  I        ÖJf02(SS~-?/ 
/3>**CS?k**- 

Pro 60 O*- 

EPA METHOD 
601 

Dace: 
Analyse: 
Instrument 

EPA METHOD 
602 

Date:  v/7//r b^o 
Analyst* fa +* 
Instrument: r^U^    \ \£ 

COMPOUND Concentration 
 LM&m  

COMPOUND Concentration ./?Concentra 

Chloromethane Benzene AJP 
Bromome thane Toluene 

Vinyl chloride Ethvl benzene 

Chloroethane 1,4-Dichlorobenzene 

Methylene chloride 1,3-Dichlorobenzene 

Trichlorofluoromethane 1,2-Dichlorobenzene 

1,1-Dichloroethene 

1,1-Dichloroethane 

trans-1,2-Dichloroethene 

Chloroform 

1,2-Dichloroethane 

1,1,1-Trichloroethane 

Carbon tetrachloride 

Bromodichloromethane 

1,2-Dichloropropane 

Trichloroethene 

Dlbromochloromethane 
1,1,2-Trichloroethane 
cis-1,3-Dichloropropene 

2-Chloroethylvinvl ether 

Bromoform 

1,1,2,2-Tetrachloroethane 
Tetrachloroethvlene 

Chlorobenzene 

1,3-Dichlorobenzene 

1,2-Dichlorobenzene 

1,4-Dichlorobenzene 

COMMENTS 

SURROGATE RECOVERIES 

601 

Bromochloromethane 

2-Bromo-l-Chloropropane 

602 

a,a,ct,-Tri'f luorotoluene hit 

j  2.*ib^^-r£- 

H-201 



UP   •' mm 

VOA RESULTS 

LAB i ^i^^n^ 
CLIENT NAME ßa^S^O^ 

SAMPLE ID      /*/*0 

EPA METHOD    °at* : 

601        Analyst: , 
Instrument: 

EPA METHOD    ?at*: 5**"" 

602        falySt:/lAA^. Instrument: \hJL&+*> 

COMPOUND         Concentration 
(UR/L) 

COMPOUND         Concentration 
(u*/L) 

Chloromethane Benzene                t*0 

Bromomethane Toluene                   / 

Vinvl chloride Ethyl benzene            / 

Chloroethane 1,4-Dichlorobenzene       / 

Methylene chloride 1,3-Dichlorobenzene      I 

Trichlorofluoromethane 1,2-Dichlorobenzene     \u 

1.1-Dichloroethene 

1,1-Dichloroethane 

trans-i,2-Dichloroethene 

Chloroform 

1,2-Dichloroethane 

1,1,1-Trichloroethane 

Carbon tetrachloride 

Bromodichloromethane COMMENTS 

1,2-Dichloropropane SURROGATE RECOVERIES: 

601 

Broraochloromethane 

2-Bromo-1-Chloropropane 

i602                        M*I. a,a,a,-Trifluorotoluene Or      * 

Trichloroethene 

Dibromochloromethane 
1,1,2-Trichloroethane 
eis-1,3-Dichloropropene 

2-Chloroethylvinvl ether 

Bromofonn 

1,1,2,?-Tetrachloroethane 
Tetrachloroethylene 

i 
I 

\ 

Chloroben2cn<: 

1,3-Dichlorobenzene 

1,2-Dichlorobenzene 

1,4-Dichlorobenzene 

H-202 



LP   » 7= 

VOA RESULTS 

LAB »&***o*~ot 
CLIENT NAME    0*ÖIV*.S#iar*^ 

SAMPLE ID          frfätt 

EPA METHOD    °at*: 

601        faJySt: „ Instrument: 

EPA METHOD    ^Vlf1^ 
602        faly5t:*ttifl Instrument :vM4£vo* 

COMPOUND         Concentration 
(tt/Ll 

COMPOUND         Concentration 
(u*/L) 

Chloromethane Benzene                ** Q 

Bromomethane Toluene                  1 

Vinyl chloride Fthyl benzene            / 

Chloroethane 1,4-Dlchlorobenzene      / 

Methylene chloride 1,3-Dichlorobenzene      / 

Trichlorofluoromethane 1,2-Dichlorobenzene     ./ / 

1.1-Dichloroethene 

1,1-Dichloroethane 

trans-1,2-Dichloroethene 

Chloroform 

1,2-Dichloroethane 

1,1,1-Trichloroethane 

Carbon tetrachloride 

Bromodichloromethane COMMENTS 

1,2-Dichloropropane SURROGATE RECOVERIES: 

601 

Bromochloromethane 

2-Bromo-l-Chloropropane 

602                       o 

a,a,a,-Trifluorotoluene 0 ' 

1 

Trichloroethene 

Dlbromochloromethane 
1,1,2-Trichloroethane 
cis-1,3-Dichloropropene 

2-Chloroethylvinvl ether 

Bromoform 

1,1,2,2-Tetrachloroethane 
Tetrachloroethylene 

Chlorobenzene 

1,3-Dichlorobenzene               j 

1,2-Dichlorobenzene 

1,4-Dichlorobenzene 
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PESTICIDE ANALYSIS 

Parameter 

Primary Column 
Retention Times 

(minutes) 

Method Detection Limits 
(MDL) (ug/] 

1 
-) 

500 ml -> 5 ml L -> 5 ml 
8404119 8405059 

0.10 0.05 
0.10 0.05 
0.10 0.05 
0.10 0.05 
0.10 0.05 
0.10 0.05 
0.10 0.05 
0.10 0.05 
NA NA 

0.20 0.10 
0.20 0.10 
0.20 0.10 
0.20 0.10 
0.20 0.10 
0.20 0.10 
0.20 0.10 
0.10 0.05 
2.0 1.0 
1.0 0.05 
2.0 1.0 
1.0 0.05 
2.0 1.0 
1.0 0.05 
1.0 0.05 
1.0 0.05 

o<-BHC 
Lindane 
B-BHC 
Heptachlor 
D-BHC 
Aldrin 
Hept.   Epoxide 

©<-Endosulf an 
B-Endosulfan 
Dieldrin 
DDE 
Endrin 
DDD 
DDT 
Endrin  aldehyde 
Endosulfan  sulfate 
Chlordane 
Toxaphene 
Ar  1016 
AR  1260 
AR 1221 
AR  1254 
AR  1232 
AR 1242 
AR  1248 

1.59 
2.08 
2.62 
2.62 
2.92 
3.22 
4.98 
6.33 

NA 
7.95 
7.95 
9.80 

12.31 
15.21 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

Methods 
EPA Method  608  Pest/PCBs  in water 
EPA Method  615  Herb's   in water 

Holding Times 

608 
615 

Extraction 
7  days  of   collection 
7   days  of  collection 

Analysis 
40 days  of  extraction 
40  days  of extraction 

NOTE:     MDLs  are  estimated  from CLP  CRDLs  and  assume no  dilutions were 
performed. 
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APPENDIX I 

CORRESPONDENCE WITH FEDERAL, STATE, AND/OR 
LOCAL REGULATORY AUTHORITIES 

Radian did not have a need or requirement 
to correspond with regulatory authorities 
during the conduct of this IRP. 
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THOMAS W.   GRIMSHAW 

EDUCATION: 

Ph.D., Geology, University of Texas at Austin, 1976. 

M.S., Geology, University of Texas at Austin, 1970. 

B.S., Geological Engineering, South Dakota School of Mines and Technology, 
1967. 

EXPERIENCE: 

Program Manager, Radian Corporation, Austin, TX, 1984-Present. 

Division Manager, Policy and Environmental Analysis Division, Radian Corpora- 
tion, 1982-1984. 

Department Head, Environmental Analysis Department, Radian Corporation, 1978— 
1982. 

Group Leader, Radian Corporation, 1976-1978. 

Teaching Assistant, The University of Texas at Austin, 1974. 

Captain (R&D Coordinator), U.S. Army, 1970-1972. 

Geologist, Junior Grade, Amoco Production Company, 1969-1970. 

Geologic Field Assistant, Amoco Production Company, 1967. 

Certification:  AIPG Certified Professional Geologist No. 4425 

FIELDS OF EXPERIENCE: 

As Program Manager at Radian, Dr. Grimshaw has overall responsibility for the 
technical, fiscal, and schedule aspects of several solid/hazardous waste, 
ground-water, and other environmental projects.  For these projects, he serves 
as the primary point of contact for the clients sponsoring the work. 
Dr. Grimshaw is also responsible for marketing and preparing proposals for 
Radian services in a variety of areas, including solid/hazardous waste site 
investigations, remedial action planning and implementation, ground-water con- 
tamination studies, multidisciplinary environmental studies, and reclamation 
investigations. 

Most recently, Dr. Grimshaw has served as Program Manager (PM) for solid/haz- 
ardous waste disposal investigations at seven U.S. Air Force bases in Texas, 

12/05/84 
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Oklahoma, Louisiana, and New Mexico.  These projects, which are being per- 
formed for the USAF Occupational and Environmental Health Laboratory, Brooks 
AFB, Texas, are an integral part of the Air Force Installation Restoration 
Program.  Each investigation includes soil sampling and analysis, monitor well 
installation, and surface water sampling and analysis.  The resulting data are 
interpreted in terms of degree of soils, ground-water, and surface-water im- 
pacts, and recommendations are made for investigations for defining remedial 
measures to be undertaken. 

Also for the Air Force, Dr. Grimshaw is PM for wastewater investigations at 
Kelly AFB and Laughlin AFB, Texas.  The study at Kelly AFB is to detemine the 
source and characteristics of industrial wastewater and other inflows to the 
storm sewer system and to make recommendations for redirecting these flows to 
the industrial wastewater treatment plant.  The investigation at Laughlin AFB 
is a comprehensive evaluation of the effectiveness of the existing wastewater 
treatment system accompanied by recommendations for required changes to the 
system. 

Dr. Grimshaw is also PM for an ongoing task order contract for a large IBM 
manufacturing plant in Austin, Texas.  This contract is for sampling, analy- 
sis, and related services for ground-water monitor wells, wastewater streams, 
and other sources in the plant. 

For a major law firm in Kansas City, Missouri, Dr. Grimshaw is serving as PM 
for a program to provide Expert Witness and corollary services related to a 
hazardous waste disposal site in Kansas City.  A lawsuit has been filed 
against the four largest Potentially Responsible Party generators and the 
owner/operator by the U.S. Department of Justice (who received the case by 
referral from the U.S. Environmental Protection Agency).  Radian is working 
with the law firm representing the former owner/operator of the site. 

Expert support is being provided in the following areas:  1) oversight of Re- 
medial Investigation and Feasibility Study activities by the U.S. EPA and the 
PRP generators; 2) review of depositions and recommendations for line of ques- 
tioning by the attorneys; 3) support of automation of disposal records with 
the objective of developing a basis for allocation of investigation and clean- 
up costs ; 4) prepare and give technical presentations on the case to the at- 
torneys involved; and 5) prepare and execute work plans to on-site technical 
studies to be undertaken at the site. 

The Western Company of North America, Fort Worth, Texas is an oil field ser- 
vicing firm whose operations generate hazardous wastes.  Dr. Grimshaw is PM 
for a program being performed for the Western Company to achieve compliance 
with Texas Department of Water Resources regulations at three of their sites 
in Kermit, Odessa, and Rankin.  Activities for this program to date have in- 
cluded preparation of a Plan of Action for obtaining compliance and a Waste 
Analysis plan, both of which have been submitted to TDWR for approval. 

12/05/84 
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Dr. Grimshaw is PM for a site investigation and remediation for a pesticide- 
contaminated site in Arizona owned by University Financial Investors Corpora- 
tion«  This project has included soil sampling and analysis for pesticides, 
remedial plan preparation, and presentations to state and EPA regulatory auth- 
orities. 

Dr. Grimshav has served a 
surveys for Environmental 
purpose of these surveys 
needed for assessing the 
the facilities surveyed, 
veys involving facilities 
facilities included a haz 
ipal vastevater treatment 
plant and a casting plant 
paper mills. 

s Technical Coordinator for over 40 risk assessment 
Impairment Liability (EIL) insurance policies.  The 

is to provide EIL insurance underwriters the data 
risks involved in providing insurance coverage for 
Dr. Grimshav also personally performed six EIL sur- 
at more than 30 locations around the country.  These 

ardous waste landfill, numerous industrial and munic- 
plants, a municipal landfill, an aluminum forging 

, a magnet wire production facility, and several 

Dr. Grimshaw was Project Director for an investigation of an unpermitted dis- 
posal site located near Dallas, Texas.  This project, which was performed for 
a major law firm in Dallas, included extensive waste and soil sampling and 
analysis, delineation of specific sites of disposal, and recommendations for 
disposition of the waste materials found.  Several meetings were held with the 
regulatory agency, the Texas Department of Water Resources. 

In another investigation for the same lav firm, Dr. Grimshav was Project 
Director for a soil sampling and analysis and ground-water monitoring project 
at a PCB disposal site.  The area of contamination was defined by surface and 
shallow subsurface soil sampling on a modified grid pattern, and two monitor 
wells were installed.  A recommendation involving soil removal, redepositing, 
an«! pavement was made to address the PCB contamination at the site. 

For a large program conducted for International Paper Company, Dr. Grimshaw 
served as Technical Coordinator for developing Closure Plans for impoundments 
at wood treatment plants in three states.  This program included a full com- 
plement of studies to define the existing situation and prepare a plan of re- 
medial action for each plant.  The initial activity was the sampling and anal- 
ysis of pond supernatant and sludge, subsoil, and ground water. Bench-scale 
stabilization studies were performed on the sludge using a number of candidate 
commercial stabilizing compounds.  Several closure alternatives were developed 
and screened, and a set of alternatives was selected for inclusion in concep- 
tual plans. After the conceptual plans were approved oy  the client and the 
regulatory agencies, a detailed design was prepared and specifications de- 
veloped. 

For Tuloma Energies, Inc., Radian performed a program directed by Dr. Grimshaw 
for development of a commercial Hazardous Waste Management Facility in north- 
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eastern Oklahoma. During the initial phases of this project, a market analy- 
sis was performed to determine the sources at waste that could potentially use 
the new facility.  Subsequently, a regional screening analysis was performed 
to identify areas most likely to have suitable sites for the new facility. 
This analysis included screening for several factors, including hydrologic, 
geologic, topographic, ecologic, and aerometric characteristics as well as 
population density.  Dr. Grimshaw assisted Tuloma Energies in coordinating 
with the state regulatory agency (Oklahoma Department of Health) during the 
initial phases of the project. 

Dr. Grimshaw was Project Director for two programs for International Paper 
Company to evaluate the potential risk of proposed solid waste management 
plans for paper mills in Arkansas and Mississippi.  These programs included 
collection of waste, soil, and ground-water samples, analysis of the wastes, 
and batch extraction of the wastes followed by analysis of the leachates.  In 
addition, leachates were generated and attenuated in waste and soil columns to 
evaluate the capacity of the subsoil to attenuate any leachate that might es- 
cape from the disposal site. A ground-water flow model was used to assess the 
rate and direction of contaminant movement if contaminants were to reach the 
water table. 

Dr. Grimshaw was Technical Director for a generic environmental assessment of 
wastes from fluidized bed combustion for the U.S. Environmental Protection 
Agency (EPA).  Emphasis was placed on potential hydrologic impacts. Both lab- 
oratory studies and field lysimeter tests were conducted in the study. The 
objectives were to identify and investigate key variables which determine the 
acceptability of FBC waste disposal and to establish a reliable empirical cor- 
relation between laboratory and field results so that better conclusions on 
field effects can be drawn on the basis of laboratory studies.  Since the reg- 
ulatory situation for FBC wastes was unclear during conduct of the program, 
provisions were made for both the eventuality that leachate migration will be 
allowed in the substrate below the landfill and that leachate escape will be 
controlled by liners.  Interactions between leachate and representative dis- 
posal media and between leachate and several candidate liner materials were 
investigated in laboratory studies. 

Dr. Grimshaw was also Technical Director for a program to investigate the 
ground-water impact of a spill of a coal-distillate liquid fuel at an SRC-II 
(Solvent Refined Coal) pilot plant at Fort Lewis Military Reservation near 
Tacoma, Pierce County, Washington. The study involved detailed coring to 
establish the location and extent of unsaturated zone con tamination and de- 
signing and constructing a set of ground-water monitoring wells to define the 
extent of ground-water contamination that had occurred. Analytical chemistry 
support was provided for Resource Conservation and Recovery Act (RCRA) Extrac- 
tion Procedure testing of contaminated soils and for ground-water quality 
evaluation. A Remedial Measures Plan was formulated and implemented to remove 

12/05/84 

K-5 



m** 

Thomas U. Grimshav 

contaminated material and to prevent the further spread of ground-water con- 
tamination.  This program involved extensive coordination and interfacing with 
the states regulatory authority (Washington Department of Ecology). 

In a follow-up program for which Dr. Grimshaw was again Technical Director, 
Radian evaluated the overall hydrogeologic impact of the entire SRC plant in 
addition to the spill area.  This program again involved soil sampling, ex- 
traction, and analysis as well as water quality monitor well installation and 
sampling.  A zone of contamination was identified, and a comprehensive Reme- 
dial Measures Plan was prepared to address the problem. 

In a program for Utah International, Incorporated, Dr. Grimshaw was responsi- 
ble for evaluating the implications of RCRA on the company's mining operations 
under various regulatory scenarios«  Special reference was made to UI's pro- 
posed Springer Mine which is in Pershing County, Nevada.  Several issues con- 
cerning the application of RCRA regulations to metal mines emerged, including 
the applicability of the procedure for classifying solid waste as hazardous or 
non-hazardous• 

Dr. Grimshaw was Technical Director for a project to investigate the environ- 
mental feasibility of disposing of flue gas desulfurization (FGD) wastes, ash 
and sludge, from a mine mouth power plant by backfilling into the associated 
surface mine in northwestern Colorado.  He also had major supervisory and hy- 
drogeologic interpretation roles in the second phase of the program, which in- 
cluded extensive field studies.  These field studies included infiltration 
tests of the mine floor and overburden, water balance investigations to esti- 
mate ground-water recharge, and emplacement of piezometers to ascertain the 
direction of ground-water flow.  A major output of this program was a rating 
of the various parts of the large surface mine in terms of suitability for ash 
and sludge disposal. 

Dr. Grimshaw was a Task Leader in a program for the EPA ground-water labora- 
tory (Robert S. Kerr Environmental Research Laboratory) to investigate a tech- 
nique for identifying sources of nitrate ions in ground waters and soils using 
stable nitrogen isotopes.  The usefulness of nitrogen isotope ratios for dif- 
ferentiating sources of nitrate pollution (septic tanks, feedlots, barnyards, 
and lands receiving municipal waste waters) was evaluated.  Standard statisti- 
cal techniques were used to analyze the observed variations in nitrogen iso- 
tope values, with respect to several nitrate-ion sources and various environ- 
mental factors. 

For a comprehensive environmental assessment for Shell's Milam Mine near Rock- 
dale, Texas in Texas, Dr. Grimshaw prepared and conducted an aquifer test pro- 
gram. These efforts included design of the pump wells and piezometers, layout 
of the well configuration in the field, oversight of well drilling operations, 
conduct of the two pump tests, and interpretation of the results in terms of 
the basic aquifer parameters.  In another project related to this mine, 
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Dr. Grimshav was responsible for evaluating the potential effects on ground 
water resulting from disposal of ash and FGD solids from a power plant by 
emplacement of the wastes in the mine. 

Dr. Grimshaw has directed or prepared parts of numerous multidisciplinary en- 
vironmental investigations.  The major projects of these type are as follows: 

o  EIS for Improvement of the City of San Antonio Wastewater 
Treatment System 

o  EIS for Upgrade of the City of Greensboro, NC Wastewater 
Treatment System 

o  EA for the Sandow Four Lignite-Fired Generating Station, Milam 
County, Texas 

o  Preliminary EA for a Proposed Lignite Mine in Henderson and 
Anderson Counties, Texas 

o  Hydrology-Related Regulatory Risks for Lignite Mining at the 
Deadwood-Shiloh Prospect, Texas and Louisiana 

o  EA for a Proposed Olefins Complex near Sweeney, Texas 

o  Environmental Audit of the Geokinetics In-Situ Oil Shale 
Operation, Uintah County, Utah 

o  Environmental Support Studies for a New Coal Gasification 
Facility at the Celanese Chemical Plant, Bishop, Texas 

o  Environmental and Reclamation Support Studies for a Proposed 
Lignite Mine in Freestone County, Texas 

Prior to his employment by Radian Corporation, Dr. Grimshaw was employed as an 
oil and gas exploration geologist by Amoco Production Company, Denver, Colo- 
rado.  Initially, he was a geologic field assistant near the coast of the Gulf 
of Alaska.  This work entailed measuring, describing, and collecting strati- 
graphic sections in the Tertiary rocks in the vicinity of Cordova and Cape 
Yakataga, Alaska.  Subsequently, Dr. Grimshaw was involved in a gas and petro- 
leum exploration program in north central Montana.  Most of the effort was in 
working out the stratigraphy and structural geology in the area of investiga- 
tion, and he served for a time as well-site geologist on gas exploration 
wells.  In addition, he launched a program of regional exploration in a much 
larger area in Montana.  This work included study of down-hole geophysical 
logs, preparation of structural contour maps, and assembly of isopachous maps. 
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HONORARY AMD PROFESSIONAL SOCIETIES: 

Sigma Xi, Phi Kappa Phi, Sigma Tau, Sigma Gamma Epsilon, Geological Society of 
America, American Association of Petroleum Geologists, Association of 
Engineering Geologists. 
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RICK A. BELAN 

EDUCATION: 

M. S., Hydrology, University of Arizona» Tucson, 1972, 

B.S., Geology, Kent State University, Ohio, 1970. 

EXPERIENCE: 

Staff Hydrogeologist, Radian Corporation, 1980-Present. 

Groundwater Uydrologist, William F. Guyton and Associates, 1977-1980. 

Captain, United States Army, 1972-1977. 

Environmental Impact Assessment Officer, United States Army, 1975. 

Research Associate, University of Arizona, 1970-1972. 

FIELDS OF EXPERIENCE: 

Mr. Belan is currently the field investigation director for the Installation 
Restoration program at Sheppard Air Force Base, Texas; and is also acting as 
the technical advisor to the overall project.  The investigation is being 
conducted at 4 inactive hazardous waste sites, and entails the emplacement of 
14 monitor wells and 3 coreholes about these sites.  These are to obtain soil 
and groundwater samples for chemical analyses.  The results will be used to 
determine the environmental impact of the waste sites on the local groundwater 
systems. 

Reports indicated the possible existence of groundwater contamination off base 
at McClellan Air Force Base, California.  This large hydrogeological program 
was to investigate the present groundwater conditions.  As the geologic 
evaluation task leader for the project Mr. Belan designed, coordinated and 
supervised the field activities for 29 reconnaissance borings.  This required 
the drilling and sampling (soil and groundwater) to a depth of about 200 feet 
at selected sites off base.  Selected chemical analyses were performed to 
maximize the hydrogeological information under this program.  These borings 
were successfully completed ahead of schedule under difficult field conditions 
and project constraints. 

As the Project Director Mr. Belan assisted a commercial client as part of 
litigation activities in developing groundwater sampling protocols which were 
then implemented under the direct field supervision of him.  Two groundwater 
sampling episodes were conducted at the client's California site.  The samples 
were obtained from a number of monitor wells for selected organic, inorganic 
and bacteriological analyses. 
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In Maryland an underground gasoline storage tank had leaked into the 
subsurface which was located in an urban downtown area.  Mr. Belan as the 
principal investigator conducted an on-site visit and data review to confirm 
the nature and amount of the gasoline leak, assess the impact on the local 
hydrogeological setting, and possible safety implications.  The results were 
documented along with recommendations for further evaluation of the leak. 

A commercial client in southern California requested a geological evaluation 
of 10 inactive hazardous waste pits.  Mr. Belan as the geological and safety 
task leader provided the coordination of coring activities through the waste 
bodies.  This included obtaining soil, waste and air samples for chemical 
analyses from 10 coreholes.  Full personnel protective clothing and respirator 
equipment were required for these activities. 

Mr. Belan conducted field investigations of various hazardous wattte sites at 
Kelly and Tinker Air Force Bases in Texas and Oklahoma, respectively.  These 
efforts, as part of the Air Force's Installation Restoration Program (IRP), 
entail the installtion of monitoring wells and hazardous waste site soil 
sampling for chemical analysis.  The results were used to define the site 
hydrogeology and waste site impacts, if any, on the local groundwater system. 

Mr. Belan is the hydrogeological project director for an Installation Restora- 
tion Program investigating four hazardous waste disposal sites at Hill Air 
Force Base, Utah.  The field phase entailed the direction of the investigation 
efforts for monitor well installation and completion, soil and groundwater 
sampling, geophysical resistivity surveys and chemical analysis coordination. 
The results of this effort were to determine the nature and extent of 
groundwater contamination and define the local hydrogeology. 

As part of a remedial actions assessment of the McColl hazardous waste site in 
California, he conducted the conceptual design and evaluation of a slurry 
trench wall system.  Containment wall materials were selected for laboratory 
testing.  Additional wall materials and installation costing, survivability, 
and suitability were evaluated.  Prior investigation at the site entailed the 
coordination and supervision of the air rotary drilling and casing drive 
completion of a 270-foot monitoring well.  This upgradient well was drilled in 
difficult caving formations.  The successful completion of this well permitted 
the location of a final downgradient monitoring well for the client. 

Mr. Belan conducted, as part of a remedial actions assessment of the Lipari 
Superfund site in New Jersey, the conceptual design and costing of a dewater- 
ing system.  This included an impact assessment of the formations dewatering 
on a slurry trench cutoff wall«  The results of this evaluation provided dis- 
charge information for a groundwater treatability study. 

He worked on three Environmental Protection Agency Superfund projects.  Two 
projects entailed the hydrogeological evaluations of hazardous waste sites in 
Louisiana and New Jersey with the results developing and supporting site 
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remedial measures activities.  The third EPA Superfund activity was the evalua- 
tion of a new potential waste isolation technology which had been tested.  The 
test attempted to isolate a large block of soil by slurry injection at depth 
areally and vertically using a patented process.  Mr. Belan supervised the 
site investigation for determining the success of the technique to isolate the 
soil block.  This entailed directing a geophysical survey, and confirmation 
soil borings to determine the soil isolation success of the test and report 
documentation. 

In the area of solid waste management, Mr. Belan coordinated, supervised, and 
documented the disposal of fluidized bed combustion byproducts from a synfuels 
experiment sponsored by the Environmental Protection Agency.  This project 
entailed the coordination with local agencies for the disposal at an appro- 
priate landfill, and hydration of the wastes to neutralize its exothermic 
reaction prior to disposal. 

Mr. Belan was instrumental in providing a hydrogeological assessment of an 
inactive hazardous waste site in south central New York.  The site is listed 
by EPA as a priority site for action under Superfund.  The result of the 
assessment was the design and costing of a monitoring well program for the 
client. 

As the environmental baseline task leader and geological/hydrogeological team 
member, Mr. Belan coordinated, developed and identified environmental con- 
straints or issues for a New Mexico Synfuels Project Feasibility Study. 
Analysis for this study for an industrial client permitted enumeration of 
groundwater and surface-water environmental issues associated with two in- 
mine and two plant sites disposal of hazardous/nonhazardous solid waste from a 
synfuels plant.  The results of the study summarized the regional and site- 
specific geology, groundwater and surface-water.  The study identified mine 
and plant environmental constraint areas concerning solid and liquid waste 
disposal and also described the waste disposal options as to which mine or 
plant sites the solid waste should go. 

Mr. Belan conducted as part of a geothermal feasibility study a hydrogeolog- 
ical assessment of two aquifers for potential utilization for each of four 
U.S. military bases which are located in the vicinity of San Antonio, Texas. 
This entailed the development of conceptual well depths, productivity esti- 
mates, static water levels, water temperatures and water quality.  These data 
were used to support benefit/cost analyses of a total geothermal systems 
package that included costs of well completion and production, heat extraction 
systems and projected heat demands. 

He completed a state-of-the-art review of geopressured/geothermal fluids dis- 
posal technologies and environmental problems associated with the disposal 
techniques for the Texas Energy and Natural Resources Advisory Council 
(TENRAC).  The two primary disposal methods reviewed were injection wells and 
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surface discharge.  From this study, Mr. Belan developed areas of geopres- 
aured/geothermal fluids gaps to commercialization.  This review and subsequent 
recommendations provided TENRAC with a means to evaluate Texas geothermal/ 
geopressured development especially towards commercialization and of potential 
technology areas that merit further study with public funds. 

Mr. Belan conducted a preliminary assessment of the feasibility of utilizing a 
deep injection well for disposal of hazardous waste fluids from a prospective 
lignite gasification plant in East Texas.  This entailed identifying aquifer 
parameters and computing long-term injection affects in order to assess two 
candidate aquifers for potential injection horizons. 

As a staff hydrogeologist at Radian, Mr. Belan has experience in a wide range 
of groundwater sampling and analysis efforts.  He was the field task, leader 
«,nd hydrogeological analyst for an environmental constraint study of a Lurgi 
coal gasification plant in East Texas.  The study was to be the basis of a 
solid waste management plan for the plant site and the selection of a solid 
waste disposal site.  It provided the client with supporting information to be 
used in obtaining state permits.  Mr. Belan was the task leader for coordinat- 
ing the air quality, ecology, surface water, and cultural impact portions of 
the reports, and developing future site-specific environmental studies re- 
quirements. 

Mr. Belan analyzed aquifer testing methods and parameter data for an in-situ 
coal gasification project in Wyoming providing regional and vertical charac- 
teristics of the coal and overburden aquifers. The result? became part of a 
relicensing application prepared for the U.S. Department of Energy, Laramie, 
Wyoming. 

At refinery waste disposal sites in the area of Kenai, Alaska, Mr. Belan con- 
ducted a hydrogeological evaluation. This entailed the field supervision and 
interpretation of the drilling, geologic sampling, construction, and 
groundwater sampling of monitor wells in and around the disposal sites. E 

The data obtained was used to define the local groundwater systems, sub- 
surface geology, and establish if any groundwater contamination had 
occurred. 

* 
Mr. Belan directed and conducted the production and injection testing of two 
geothermal wells at Navarro College, Corsicana, Texas; one well was to supply 
geothermal fluid for heat extraction and the other will be used for disposal 
of the same fluid.  He analyzed the test data for well performance, and aqui- 
fer parameters; providing a report and recommendations before final geothermal 
system design. 

Mr. Belan, at Radian, conducted an impact assessment of groundwater avail- 
ability and development quantitatively and qualitatively for a proposed 
petrochemical complex near the Texas Gulf Coast.  His work involved developing 
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a hypothetical well field for producing 6,900 gallons per minute and assessing 
the groundvater effects with time for varying aquifer conditions.  Mr. Belan 
analyzed the local groundwater qualities to establish present baselines and 
if sufficient quality plant water could be available for use by the proposed 
plant. 

He assisted in the preparation of the geology and groundwater hydrology sec- 
tions of an Environmental Information Document for a proposed lignite mine in 
East Texas.  He worked extensively on the supervision of the drilling, elec- 
trical logging, sampling, and construction of the test and monitor wells 
associated with this program with his former employer and, presently, with 
Radian prepared the study results for inclusion into the report. 

As a groundwater hydrologist with W. F. Guyton and Associates, Mr. Belan 
provided hydrogeological field support for an overland liquid disposal facil- 
ity for a client in Louisiana.  In order to define the hydrogeology in and 
around the disposal facility, Mr. Belan provided the field supervision and 
interpretation of the mud rotary drilling, logging, completion, development, 
and groundwater sampling of a series of monitor wells.  This information 
aided in defining what impacts, if any, the overland disposal would have on 
the local groundwater system. 

Also while Mr. Belan was working for W. F. Guyton and Associates, his varied 
field tasks took him to Arizona, Nevada, and Texas.  He assisted three large 
utility power companies in the field supervision of the drilling, geophysical 
logging, construction, pump and aquifer testing, and water quality sampling of 
over twenty large production water wells along with a number of observation 
wells.  These wells were drilled on the different jobs by cable tool, mud 
rotary, and reverse drilling methods.  These activities were summarized in 
well completion reports. 

Mr. Belan completed with Mr. Guyton an in-depth analysis of the hydrogeology 
of the property of Texas Electric Service Company for Texas Utilities Ser- 
vices, Inc. for a prospective water supply, along with a well inventory of 
property outside the client's area of interest.  During this study proposed 
water well field proposal consisting of 38 production water wells for a 
projected new electrical generating station.  This study included estimated 
pumping rates, depths of wells, and estimated initial water quality for the 
well field. 

As an officer in the United Stated Army stationed in West Germany in 1975, 
Mr. Belan initiated, developed and provided Environmental Impact Assessments 
(EIA) for the U.S. Frankfurt Military Community, and initiated research for 44 
U.S. military installations throughout West Germany, which were to be included 
in the Frankfurt Master Plan.  These studies were to define the environmental 
problems, if any, of the military installations for remedial measures planning 
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and budgeting.  His earlier duties included terrain/soils trafficability 
studies and weather analysis, and the supervision, evaluation, and distribu- 
tion of tactical information. 

As a Graduate Research Assistant in the Department of Soils, Water and Engi- 
neering at the University of Arizona, Mr. Belan was responsible for the plan- 
ning, research, development, and quantifying of Mountain Front Recharge of the 
Tucson Santa Catalina Mountains under the supervision of his thesis director. 
The results of the study were published in an Arizona Water Resources period- 
ical. 

HONORARY AND PROFESSIONAL SOCIETIES: 

Certified Professional Geological Scientist (American Institute of Profes- 
sional Geologists), Technical Division National Water Well Association, 
Society of Petroleum Engineers, Sigma Gamma Epsilon Geology Honorary. 

PUBLICATIONS/REPORTS: 

Pearce, E.W., et al.  Installation Restoration Program, McClellan AFB, 
California, Phase II, Stage 2-1, Radian Corporation, Austin, Texas, 1984 (Task 
leader for off base hydrogeological evaluation). 

Radian Staff, Installation Restoration Program, Phase II, Stage 1, Field 
Evaluation, Kelly AFB, Texas, Radian Corporation, Austin, Texas, 1984. 

Radian Staff, Installation Restoration Program, Phase IIB, Field Evaluation, 
Tinker AFB, Oklahoma, Radian Corporation, Austin, Texas, 1984. 

Belan, R. A. , Summary of CCSC Site Visit and Findings, Vicinity of Baltimore, 
Maryland, Radian Corporation, Austin, Texas, 1984 (Principal investigator). 

Radian Staff, Summary of February 1984 Groundwater Sampling and Analytical 
Results, Radian Corporation, Austin, Texas, 1984 (Project director). 

Radian Staff, Summary of March, 1984, Groundwater Sampling and Analytical 
Results, Radian Corporation, 1984 (Project director). 

Belan, R. A. , S.D. Lessley and H.P. Ross, Hill AFB, Utah, Installation 
Restoration Program, Phase IIB, IRP Survey - Final Report, UBTL Division of 
University of Utah Research Institute, Salt Lake City, Utah, 1984 (Project 
director for hydrogeological investigation). 

Belan, R.A., Summary of Extended Water Level and Oil Thickness Measurement 
Program Vicinity of Chemical Disposal Pits Nos. 1 and 2 Hill AFB, Utah, Radian 
Corporation, Austin, TX, 1984. 
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Belan, R. A. , Uill Air Force Base, Utah Installation Restoration Program Phase 
II Hydrogeological Field Investigation, Volumes I, II, and III Draft Report, 
Radian Corporation, Austin, XX, 1983. 

Belan, R. A. , W. M. Little, and R. Glaccum, Geophysical and Soil Boring Field 
Test Evaluation of Block Displacement Method, Whitehouse, Florida, Radian 
Corporation, Austin, TX, and Technos, Inc., Miami, FL (Published and presented 
paper at National Water Well Association Technical Conference, St. Louis, MO, 
1983). 

Stein, N.P., et al., Treatability Study of Contaminated Ground Water from the 
Lipari Landfill, Pitman, New Jersey - Draft Report, Radian Corporation, 1983 
(Developed the hydrology assessment section on the remedial action impacts and 
costs of a devatering system). 

Belan, R. A. , W. M. Little, and R. Glaccum, Draft Report Foster-Miller Test Site 
Evaluation, Radian Corporation, Austin, TX, and Technos, Inc., Miami, FL, 
1982. 

Radian Staff, Remedial Action Alternatives for the McColl Site, Fullerton, 
California, Radian Corporation, Austin, TX, 1983 (Conducted the remedial 
action assessment and materials selection for a slurry trench wall system). 

Radian Staff, Geothermal Resource Evaluation in the Area of Coso Hot Springs 
KGRA (exact title client confidential), Radian Corporation, Austin, TX, 1983 
(Evaluated geothermal reservoir testing results). 

Radian Staff, Technical Review of Reports on Two Hazardous Waste Sites Near 
Baton Rouge, Louisiana, Austin, TX, 1982 (Developed report evaluation criteria 
and reviewed reports on hydrogeological investigation results.) 

Ajmera, K. T. , W. F. Holland, N. P. Stein, R. A. Belan, and L. J. Holcombe, A 
Report on Waste Disposal/Hydrology Study New Mexico Synfuels Project, Radian 
Corporation, Austin, TX, 1982 (Environmental task leader, document editior, 
authored activity impacts and hydrogeological sections). 

Belan, R. A. , J. C. Lippe, and J.P. Rossi, An Overview of Regional Geology and 
Hydrology for Solid Waste Disposal Study, Radian Corporation, Austin, TX, 1982 
(Environmental task leader and authored geological and ground-water sections 
and document editor). 

Radian Staff, Volume I Final Report Life Cycle Cost-Effectiveness Studies for 
Direct Utilization of Geothermal Energy at Four Military Installations in 
South-Central Texas, Austin, TX, 1982 (Authored hydrogeological parameter 
development and environmental considerations). 
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Belan, R. A. , K.T. Ajmera, An Overview of Earth Resistivity Surveys - Technical 
Memorandum, Radian Corporation, Austin, TX, 1982. 

B,?lan, R.A., Technical Note, ETSP Soil Samples for Attenuation Capacity Analy- 
sis, Radian Corporation, Austin, TX, 1981. 

Belan, R.A. and K. T. Ajmera, Technical Mote, ETSP Preliminary Geotechnical and 
Surface Weter SWMP Related Field Studies and Preliminary Layout of Solid Waste 
Disposal Site, Radian Corporation, Austin, TX, 1981. 

Belan, R. A. and A. F. Ferguson, Geothermal Injection and Production Well Test 
Results: Project Title - Water and Space Heating for a College and Hospital 
by Utilizing Geothermal Energy, Radian Corporation, Austin, TX, 1981. 

Belan, R* A. , et al. , Summary of the ETSP Solid Waste Disposal Area Selection 
and Trade-Offs, Radian Corporation, Austin, TX, 1981. 

Belan, R*A. , et al. , Summary of Findings for the Fatal Flaw Assessment of the 
Northern Area, Radian Corporation, Austin, TX, 1981. 

Belan, R. A. et al., Technical Note, Environmental Constraint Screening of Mine 
Property and Surrounding Areas for Solid Waste Disposal Siting near Troup, 
Texas, (Environmental section Task Leader and authored ground-water section), 
Radian Corporation, Austin, TX, 1981. 

Radian Staff, Relicensing Application - Hanna Experimental In-situ Coal Gas- 
ification Project, Hanna, Wyoming, (Provided analysis of supplied aquifer 
parameter values pertaining to regional and vertical distributions and ranges 
of applicability), Radian Corporation, Austin, TX, 1981. 

Radian Staff, Compilation of Environmental Information for a Proposed Olefins 
Complex, Brazoria County, Texas, (Author of ground-water baseline and develop- 
ment), Austin, TX, 1981. 

Radian Staff, Evaluation of Hydrogeology and Waste Management Options at 
Tesoro Alaska Petroleum Company's Kenai, Alaska Refinery, (Author of hydro- 
geology section), Austin, TX, 1980. 

Guyton, W*F., R.A. Belan, and W. Stevens, Report on the Ground-Water Avail- 
ability for Prospective Coal-Fueled Electric Generating Station in Ward 
County, Texas, W. F. Guyton and Associates, Austin, TX. 

R.A- Belan authored a number of Environmental Impact Assessments for U.S. 
Military Installations for the Department of the Army, Federal Republic of 
Germany. 
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E.   WAYNE  PEARCE 

EDUCATION: 

M.S., Geology, University of South Florida, 1984. 

B.S., Geology, Florida Atlantic University, 1976. 

EXPERIENCE: 

Hydrogeologist, Radian Corporation, Austin, TX, 1980-Present. 

Hydrogeologist, Edwards Aquifer Research and Data Center, 1980. 

Hydrogeologist, Geraghty & Miller, Inc., 1977-1980. 

FIELDS OF EXPERIENCE: 

At Radian Corporation, Mr. Pearce has served as a hydrogeologist in the Envi- 
ronmental Analysis Department.  Duties included project direction and team 
member responsibilities. 

As a project director, Mr. Pearce has had responsibility for technical qual- 
ity, budget controls, and scheduling for major projects, primarily in the 
investigation and mitigation of hazardous waste disposal sites.  Among these 
projects, Mr. Pearce directed the geotechnical investigation and waste sam- 
pling efforts at the McColl waste site in southern California.  Related to the 
same project, Mr. Pearce also directed the proposal effort, authored several 
reports on the site, assisted in the remedial action cost-effective evaluation 
and recommendation, and directed the field effort that demonstrate the recom- 
mended remedial action was feasible and could be accomplished safely« 

In a similar California project for an industrial client, Mr. Pearce directed 
a project which investigated a disposal site on the client's property.  The 
unstable site required special supports for drilling activities and personnel. 
The project included waste sampling areally and vertically to define the site 
characteristics, soil sampling below the waste, undisturbed site emissions 
monitoring, disturbed waste emissions monitoring, ground-water monitoring well 
installation and sampling, and investigation of other suspected disposal areas 
on-site.  A remedial action is currently being developed for this site. 

fi Other projects include: 

Design of the conceptual ground-water remedial action plan for 
the Lipari Landfill at Pittman, New Jersey.  This is the number 
one Superfund site in the country and remedial measures are cur- 
rently underway. 
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o   Waste exploration and remedial action design for a major 
refinery in Louisiana where over 1 million cubic yards of haz- 
ardous wastes have been improperly disposed. 

o Site investigation and analysis of an abandoned chemical dump 
site in Louisiana. Over 130 coreholes were drilled to sample 
wastes, soils, and ground water. 

o   Various studies which included ground-water modeling activities 
associated with waste disposal facilities, underground coal 
gasification, and water supply projects.  Modeling experience 
with both advection/dispersion models and mass-transport 
models. 

For hazardous waste site investigations, Mr. Pearce has played a key role in 
developing safety plans and selecting appropriate safety equipment.  This 
equipment includes full- and half-face respirators, positive pressure air- 
supplied suits, self-contained breathing apparatus, passive and active per- 
sonnel monitoring (dosimeters), and a wide range of support equipment. 

At Geraghty & Miller, Mr. Pearce served as a hydrogeologist on contamination 
studies and water supply projects.  These included: 

o   A major chemical contamination in Michigan; 

o   Red mud contamination at an alumina-bauxite facility in 
Jamaica; 

o   Water supply for an electric generating station in Puerto Rico; 

o   Installation of five municipal effluent disposal wells for the 
City of West Palm Beach (up to 72" diameter wells - 3700 feet 
deep); 

o   Salt water intrusion studies in Florida; and 

o   Various other hydrologic studies. 

11 
PROFESSIONAL ACTIVITIES: 

National Water Well Association, Technical Division; Certified Professional 
Geological Scientist, American Institute of Professional Geologists #6164. 

PUBLICATIONS: 

Hoskings, T.W. and E.W. Pearce, "Waste Exploration and Chemical Analyses for 
the Eilender Ferry Waste Disposal Site," Radian Report to confidential indus- 
trial client, May 1981. 
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Pearce, E.W., C. R. Stallings, et al. , "Hydrologie Assessment, Hanna Experi- 
mental In-Situ Coal Gasification Project," Radian Corporation report to 
U.S. Department of Energy, Laramie Energy Technology Center, February 1981. 

Gutierrez, Gormley, Hoskings, Pearce, "Hazardous Waste Disposal Options, Costs 
and Disposal Site Evaluation for Coal Gasification/Liquefaction Facilities," 
Radian Corporation report to U.S. Department of Energy, December 1980. 

Little, W.M., E.W. Pearce, et al., "Ground-Water Impact of SRC Pilot Plant 
Activities, Fort Lewis, Washington," Radian Corporation Report to SRC Inter- 
national, January 1981. 

Little, W.M., E.W. Pearce, and H.J. Williamson, "Ground-Water Modeling at an 
In-Situ Coal Gasification Test," Radian Corporation report to confidential 
industrial client, September 1980. 
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WILLIAM M. LITTLE 

EDUCATION: 

M.S., Civil Engineering, University of California, Berkeley, 1974. 

M.S., Hydrology, University of Arizona, Tucson, 1968. 

B.S., Hydrology, University of Arizona, Tucson, 1967. 

EXPERIENCE: 

Senior Engineer and Group Leader, Radian Corporation, Austin, TX, 1982- 
Present. 

Senior Engineer, Radian Corporation, Austin, TX, 1978-1982. 

Hydrologist, U.S. Army Environmental Hygiene Agency, 1973-1978. 
- 

Research and Technical Operations Officer, U.S. Army Engineer Nuclear Crater- 
ing Group, 1969-1971. j 

Graduate Student in Research, University of Arizona, Tucson, 1968. 

FIELDS OF EXPERIENCE: 

Mr. Little is a Senior Engineer and Group Leader with a major technical spe- 
cialty in ground-water pollution studies.  He is currently the Project Direc- 
tor for hydrogeologic investigations of multiple waste disposal sites on 
Tinker Air Force Base, Oklahoma.  He has recently completed a similar investi- 
gation for Kelly AFB, Texas.  These investigations include monitoring well 
construction, ground-water sampling, and contaminant transport assessment.  He 
is responsible for program design and execution, subcontractor selection» and 
managing and editing the final report.  He is also providing technical con- 
sulting and expert witness services for a hazardous waste site cleanup case in 
Kansas City, Missouri. 

Mr. Little has recently completed a hydrogeologic investigation of a Superfund 
site in western New York state.  The project included monitoring well con- 
struction, definition of ground-water flow system, assessment of contaminant 
transport potential, and presentations to regulatory authorities.  Mr. Little 
served as Project Director and principal investigator-.  He has also served as 
Project Director and field manager for a large, multidisciplinary characteri- 
zation of an abandoned hazardous waste disposal site in southern California. 
The waste materials consist of acid petroleum refinery sludges.  Major areas 
of investigation were:  chemical characterization of wastes and geologic mate- 
rials; quantification of sulfur dioxide and hydrocarbon emissions; and ground- 
water monitoring.  Mr. Little was responsible for managing the field opera- 
tions and supervising report preparation. 
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Mr. Little has served as assistant Project Director and field manager for an 
investigation of the ground-water quality impact of a spill of a coal-distil- 
late liquid at an SRC pilot plant near Tacoma, Washington.  The study involved 
detailed unsaturated zone coring and designing and constructing a series of 
ground-water monitoring wells A Remedial Measures Plan was formulated and 
adopted to remove contaminated materials and to prevent the further spread of 
ground-water contamination.  Following the evaluation of the spill event, 
Mr. Little directed an expanded program to evaluate the ground-water quality 
effects of overall plant operations.  The possible sources of contamination 
were identified and characterized. Mr. Little then developed a ground-water 
monitoring program and supervised the installation of the monitoring network. 
He designed and conducted aquifer pump tests to define aquifer performance and 
interpreted the results. 

Mr« Little has also conducted a program to evaluate the extent of ground-water 
contamination by refinery operations and wastes at an oil refinery near Dun- 
can, Oklahoma.  The assessment was based on site reconnaissance, interviews 
with refinery personnel and a study of existing hydrogeologic and process 
data. 

Mr. Little has recently completed two environmental/regulatory fatal flaw 
studies for lignite mines and associated power plants in East Texas.  He was 
both Project Director, responsible for overall management and preparation of 
the final report, and hydrology task leader, responsible for assembling data 
on hydrologic conditions and assessing probable impacts.  He has also recently 
served as task leader for regulations review, impact analysis and permit 
application preparation for a commercial-scale coal gasification facility in 
Wyoming and ground-water hydrology task leader for environmental analysis of a 
major lignite mine and associated synfuels plant in east Texas. 

In another program, Mr. Little directed an evaluation of surface-water and 
ground-water availability in the vicinity of the proposed Solvent Refined Coal- 
II (SRC-II) demonstration plant and commercial facilities near Morgantown, 
West Virginia. 

For a private industrial client, Mr. Little reviewed and evaluated the envi- 
ronmental monitoring data from the vicinity of an in situ coal gasification 
test in the Powder River Basin of Wyoming.  The water quality impacts of the 
test burn were assessed, and a program of aquifer restoration and hydrologic 
testing recommended.  Based on available hydrologic and geochemical data, a 
conceptual model of the test site was developed.  He also developed a ground- 
water monitoring and contingency aquifer restoration program for a proposed 
future test.  The program includes selection of well locations and parameters 
for monitoring and specification of restoration strategies. 

Mr. Little has also participated in an assessment of the environmental behav- 
ior of fluidized bed combustion (FBC) waste for EPA, IERL.  Mr. Little was 
responsible for the design, construction and operation of field cells for 
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testing FBC waste disposal alternatives and for the development of a prelim- 
inary waste transport model. He has also been project director and hydrology 
task leader in the evaluation of the environmental suitability of an ash/ 
scrubber sludge disposal site.  He was responsible for the overall management 
of the program, evaluated the laboratory and hydrogeologic data and predicted 
contaminant migration. 

As a hydrologist with the Water Quality Engineering Division, U.S. Army Envi- 
ronmental Hygiene Agency, Mr. Little served as a consultant to the Office of 
the Surgeon General and to major commands and installations on hydrologic 
aspects of water supply and wastewater disposal.  He prepared design criteria 
for programs of effluent and receiving water monitoring at Army manufacturing 
and research facilities, evaluated ground-water pollution potential of waste 
disposal practices, and reviewed draft NPDES discharge permits issued to Army 
installations.  He performed preliminary technical feasibility studies of land 
treatment of wastewater including field investigations and trial systems 
design.  He conducted environmental impact statement data requirements review 
and prepared and reviewed portions of environmental impact statements.  Mr. 
Little also managed the Army Medical Department's nationwide Drinking Water 
Surveillance Program. 

With the Corps of Engineers, Mr. Little was assigned as a Research and Tech- 
nical Operations Officer, U.S. Army Engineer Nuclear Cratering Group.  There 
he conducted a general investigation of hydrologic transport of radionuclides 
from Plowshare application sites.  This work included literature searches, 
computer simulation, experimental design and conceptual modeling of transport 
phenomena.  He also participated in final preparation of a 1971 Corps of Engi- 
neers report on Wastewater Management in the San Francisco Bay Region. 

While at the University of Arizona, Mr. Little was a member of the Operations 
Research Study Group on the Tucson Basin, gathering background hydrologic 
material, and conducting a literature and data file search.  He directed and 
participated in preliminary adaptation of a two-dimensional, finite difference 
model of a large, heterogeneous ground-water basin. 

HONORARY AND PROFESSIONAL SOCIETIES: 

American Geophysical Union, American Water Resources Association, National 
Water Well Association, Sigma Xi. 

CERTIFICATION: 

AIPG Certifisd Professional Geological Scientist No. 6468. 
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PUBLICATIONS/REPORTS: 

Numerous technical reports in the fields of water resources development, 
ground-water contaminant migration, occurrence of radionuclides in ground 
water, land treatment feasibility and receiving water monitoring, including: 

Little, W.M., et al., "Installation Restoration Program, Phase II - Confirma- 
tion/Quantification, Stage 2, Tinker AFB, Oklahoma," Radian Corporation, Draft 
Report to U.S. Air Force, December 1984, 

Little, W.M., et al., "Installation Restoration Program, Phase II - Field 
Evaluation, Stage 1, Tinker AFB, Oklahoma," Radian Corporation, Draft Final 
Report to U.S Air Force, November 1984. 

Little, V.M., et al., "Installation Restoration Program, Phase II, Stage 1, 
Field Evaluation, Kelly AFB, Texas," Radian Corporation, Final Report to U.S. 
Air Force, July 1984. 

Little, W.M., "Hydrogeologie Investigations, Facet Enterprises, Inc., Elmira, 
New York," Radian Corporation Final Report to Facet Enterprises, Inc., Sep- 
tember 1983. 

Little, W.M., et al., "McColl Site Investigation - Phase 1," Radian Corpora- 
tion Report to the Participants Committee, November 1982. 

Little, W.M., et al., "Environmental Considerations and Air Quality Modeling 
for the Freestone County Project," Radian Corporation Report to Tenneco Coal 
Company, March 1982. 

Grimshaw, T.W., et al., "Assessment of Fluidized-Bed Combustion Solid Wastes 
for Land Disposal," Draft Final Report, Radian Corporation Report to EPA 
Industrial Environmental Research Laboratory, December 1982. 

Little, W.M., et al., "Environmental Considerations and Air Quality Modeling 
for the Edgewood and Mustang Creek Prospects and Associated Energy Park," 
Radian Corporation Report to Tenneco Coal Company, November 1981. 

Little, W.M., et al., "Ground-Water Impact of SRC Pilot Plant Activities Fort 
Lewis, Washington," Radian Corporation report to Gulf Mineral Resources Com- 
pany, January 1981. 

Little, W.M., et al., "Ground Water Modeling at an In-Situ Coal Gasification 
Test," Radian Corporation Report to confidential industrial client, September 
1980. 

Little, W.M. and U.J. Williamson, "Recommended Ground-Water Monitoring and 
Aquifer Restoration Programs, Future In-Situ Coal Gasification Test," Radian 
Corporation Report to confidential industrial client, September 1980. 

02/08/85 

K-23 



W 

RADIAN 
tuHiowanoii 

William M. Little 

Little, W.M, and W.C. Micheletti, "Recommended Aquifer Restoration and Hydro- 
logic Testing Program for an In-Situ Coal Gasification Test," Radian Corpora- 
tion Report to confidential industrial client, August 1980. 

Grimshav, T.W. and U.M. Little, "Remedial Measures Plan for a Spill of Solvent 
Refined Coal Liquid at the SRC Pilot Plant, Fort Lewis, Washington," Radian 
Corporation Report to Gulf Mineral Resources Company, August 1980. 

Little, W.M., et al., "Hydrologie Evaluation of a Combined Ash/FGD Sludge 
Storage Site, Craig Station," Radian Corporation Report to Colorado Ute Elec- 
tric Association, July 1980. 

Little, W.M., T.J. Wolterink, and M.H. McCloskey, "Water Availability Apprai- 
sal for the Proposed Solvent Refined Coal-11 Demonstration Plant, Monongalia 
County, West Virginia," Radian Corporation Report to U.S. Department of 
Energy, February 1980. 

Little, W.M., "Water Quality Geohydrologie Consultation No. 24-0286-77," Twin 
Cities Army Ammunition Plant, New Brighton, MN, 21-23 July 1976, U.S. Army 
Environmental Hygiene Agency, 11 January 1977 (six additional geohydrologic 
consultations). 

Little, W.M., Drinking Water Consultation Visit No. 24-1301-77, Joliet Army 
Ammunition Plant, Illinois, 2-4 August 1976, USAEHAt 9 Februarv 1977 (four 
additional drinking water consultations). 

Little, W.M., Water Quality Geohydrologic Consultation No. 24-058-75/76, Land 
Disposal Feasibility Study, Fort Polk, Louisiana, 2-29 April and 9-29 October 
1975, USAEHA, 19 August 1976 (three additional land treatment evaluations). 

Little, W.M., Water Quality Monitoring Consultation No. 24-048-74/75, Aberdeen 
Proving Ground, Maryland, 25-27 February 1974, USAEHA, 17 December 1974 (three 
additional monitoring consultations). 

Little, W.M., Water Quality Engineering Special Study No. 24-017-74, Mixing in 
Receiving Waters, 7 September-24 October 1973, USAEHA, 3 January 1974. 

Little, W.M., Analysis of Hydrologie Transport of Tritium, U.S. Army Engineer 
Nuclear Cratering Group Technical Memorandum 70-7, Lawrence Radiation Labora- 
tory, Livermore, CA, April 1971. 

Little, W.M., An Engineering and Economic Feasibility Study for Diversion of 
Central Arizona Project Waters from Alternate Sites, M.S. Thesis, Department 
of Hydrology, University of Arizona, Tucson, AZ, 1968. 
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PETER ALEXANDER WATERREUS 

EDUCATION: 

B.S., Geology, The University of Texas at San Antonio, San Antonio, TX, 1984 

EXPERIENCE: 

Geologist, Radian Corporation, Austin, TX, 1984-Present. 

Hud Logger, Precision Well Logging, Houston, TX, 1984. 

FIELDS OF EXPERIENCE: 

Mr. Vaterreus is currently involved in the investigation and determination of 
a JP-4 fuel leak from existing underground pipelines at Bergstrom AFB, Austin, 
Texas.  As supervising geologist, activities include safety supervision, log- 
ging borings, collection of soil samples, installation of monitor wells, col- 
lection of water samples, and reporting. 

Mr. Waterrus also is currently involved in the investigation of hazardous 
waste contamination at Sheppard AFB, Wichita Falls, Texas.  As a supervising 
geologist, activities include safety supervision, logging borings, collection 
of soil samples, installation of monitor wells, collection of water samples, 
monitoring possible types of contamination by use of a photo-ionizer and 
drager tubes, and reporting. 

Mr. Waterreus was involved in the investigation of environmental impact relat- 
ed to gas and oil production in the Big Thicket area of East Texas. Activi- 
ties includes delineation and mapping of active and non-active gas and oil 
well sites as well as damaged areas outside the site area. 

At Precision Well Logging, he performed analyses of rock cuttings with respect 
to lithology and oil content BB  well as gas monitoring and identification. 

He has also been involved in field mapping and property investigation in 
Uvalde County, Texas. 

PUBLICATIONS: 

Waterreus, P.A. and R.A. Wooster, "A Feasibility Stuc'y of Inducing Artificial 
Recharge to the Edwards Aquifer by Diversion of Floodwaters in Uvalde County, 
Texas," on record at the Edwards Underground Water District, San Antonio, 
Texas. 

HONORARY AND PROFESSIONAL SOCIETIES: 

Geologic Society of America. 
Association of Ground Water Scientists and Engineers. 
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JENNY B. CHAPMAN 

EDUCATION: 

M.A., Geology, The University of Texas at Austin, Austin, TX, 1984. 

B.S., Geology, Sul Ross State University, Alpine, TX, 1981. 

EXPERIENCE: 

Geologist, Radian Corporation, Austin, TX, 1984-Present. 

Research Assistant, The University of Texas Bureau of Economic Geology, 
Austin, TX, 1982-1984. 

FIELDS OF EXPERIENCE: 

At Radian, Ms. Chapman is involved in hydrogeologic and geologic studies, 
especially as they relate to hazardous waste contamination.  Her responsibili- 
ties range from collecting and analyzing hydrogeologic and geologic data and 
samples to interpreting and reporting on the results of investigations. 

Ms. Chapman recently participated in a field study at Carswell AFB.  She 
supervised the installation of monitor wells in both alluvial deposits and in 
the regional aquifer.  Drilling methods used include hollow-stem auger, mud 
rotary, and air rotary.  She also supervised geophysical crews and partici- 
pated in soil and water sampling.  She is one of the primary authors of the 
project report. 

Other recent projects include a study funded by the Electric Power Research 
Institute to locate and collect limestone samples for use in experiments con- 
cerning stack scrubber systems.  In addition to identifying and collecting the 
samples, Ms. Chapman participated in laboratory grindability and insoluble 
residue experiments.  In another project, she performed field work at the Big 
Thicket National Preserve to assess the environmental impact of oil and gas 
well drilling.  Activities included delineation and mapping of active and non- 
active gas and oil well sites as well as damaged areas adjacent to sites. 

At the University of Texas Bureau of Economic Geology, Ms. Chapman wrote and 
edited contract reports for the West Texas Waste Isolation Project, studying 
the feasibility of storing high-level radioactive waste in Permian salt beds 
in the Texas Panhandle.  She assisted in hydro- and geochemical research per- 
taining to WTWI, especially interpreting chemical analyses of water samples. 

Ms. Chapman researched and wrote her master degree thesis on the hydrogeo- 
chemistry of the unsaturated zone.  Her field work included the use of tensio- 
meters, lysimeters, and neutron probes (moisture and density).  Lab work 
included water and soil analysis using atomic absorption spectrophotometer, 
titration techniques, X-ray diffraction, and thin-section analysis. 

04/29/85 

K-26 

\ 



1 

Jenny B. Chapman 

HONORARY & PROFESSIONAL/TECHNICAL SOCIETIES: 

Sigma Gamma Epsilon, Alpha Chi« 

PUBLICATIONS: 

Chapman» J.B., "A Comparison of the Depositional Environmental of the San 
Andres Formation in the Palo Duro Basin to Recent Evaporitic Environments," 
The University of Texas at Austin, Bureau of Economic Geology, Open-file 
Report OF-WTWI-1984-1, 1984. 

Kreitler, C.W., J.B. Chapman, and L.P. Knauth, "Chemical and Isotopic 
Composition of Waters from the Salina Ometepec, Baja, California," The 
University of Texas at Austin, Bureau of Economic Geology, Open-file Report, 
OF-WTWi-1981-41, 1984. 

Chapman, J.E.B., "Hydrogeochemistry of a Salt Flat in Hudspeth County, Texas," 
The University of Texas at Austin, Master's Thesis, 1984. 
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JILL P. ROSSI 

EDUCATION: 

B.A. Geography, The University of Minnesota at Minneapolis, 1972. 

EXPERIENCE: 

Geographer, Cartographer, Policy and Environmental Analysis Division, Radian 
Corporation, Austin, TX, 1980-Present. 

Drafting and Graphics Assistant, Dam Safety Unit, Texas Department of Water 
Resources, Austin, TX, 1979-1980. 

Cartographer, Continental Map Inc., Austin, TX, 1978-1979. 

Teaching Assistant, University College-Geology, University of Minnesota at 
Minneapolis, 1972, 

FIELDS OF EXPERIENCE: 

At Radian, Ms. Rossi is responsible for producing maps and coordinating 
graphics for the Environmental Analysis Division.  She utilizes data from a 
variety of technical disciplines (geology, hydrology, noise and air monitor* 
ing, sociology, soils, and hydrogeology) to create maps which clearly and 
concisely illustrate the written text.  Ms. Rossi has been responsible for 
work in the following projects: 

o   Develop base maps and coordinate graphics throughout an Envi- 
ronmental Impact Statement prepared for the U.S. Bureau of Land 
Management for a central Texas lignite mine; 

o   Develop color overlay method of mapping for site selection pro- 
cess of commercial waste disposal sites in Texas and south- 
eastern Oklahoma; 

o   Develop a series of figures used as illustrations in a manual 
for the Environmental Protection Agency on Remedial Actions at 
Uncontrolled Hazardous Waste Sites: 

o   Draft maps and coordinate the graphics for in Environmental 
Impact Statement for a synfuels plant in Tennessee; 

o   Create base and thematic maps for Air Force Installation 
Restoration Programs (Phase I and Phase II) for the following 
locations:  Kelly AFB, Texas; Hill AFB, Utah; Bergstrom AFB, 
Texas; Cannon AFB, New Mexico; England AFB, Louisiana; Tinker 
AFB, Oklahoma; and Reese AFB, Texas; Carsvell AFB, Texas; 
Sheppard AFB, Texas; 
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o   Map limestone deposits, lime plants, and limestone quarries in 
the United States by county in a series of regional maps for 
the Electric Power Research Institute; 

o   Map compliance/non-compliance with air pollution standards for 
all counties in the United States in a series of EPA regional 
maps; 

o   Map concentrations of selected air pollutants in the El Paso, 
Texas, area for a Texas Air Control Board study in a series of 
quarterly and annual reports; 

o   Prepare aerial photography history of a wood preserving plant 
for a commercial client which included extensive research of 
available aerial photography and interpretation of those photos 
to determine historical features of interest; 

o Prepare complex permitting schedules for proposed mines, energy 
facilities, and hazardous waste handling facilities; 

o Preparation of base and thematic maps for various feasibility 
studies, fatal flaw analyses, Environmental Information Docu- 
ments, and Environmental Impact Statements; 

o   Identify, field verify, and map oil and gas development 
features within the Big Thicket National Preserve for the 
National Park Service; and 

o Research of available map resources, aerial photography, remote 
sensing products, and mapping technologies as required by indi- 
vidual client needs. 

While with the Texas Department of Water Resources, Ms. Rossi worked in the 
graphics section of the Dam Safety Unit, a federal grant program.  She pre- 
pared maps and exhibits, and laid out phototypset text into camera-ready form 
according to standards, developed with her assistance, for the technical 
reports written by the engineering section. 

| During her employment with Continental Map Incorporated, Mt-, Rossi was in- 
volved in all phases of four color map production.  These included source 
information procurement and classification, imaging of base maps, scribing 
plates, cutting specialties, sizing and adhering type, designing customer copy 
panels, indexing streets and points of interest, photo-lab contact reproduc- 
ing of base plates, and the final compositing of the four negative plates to 
be sent to the printer.  These maps included large metroplex areas, counties, 
enlarged downtown sections, and simplified principle city thoroughfares. 
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While employed by the University of Minnesota as a Geology Teaching Assistant, 
Ms. Rossi taught geology laboratory sessions, prepared geology lab work, mate- 
rials, tutored students, and assisted the professors by preparing classroom 
presentations and grading and proctoring exams. 

• 
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APPENDIX L 

GEOPHYSICAL  TRACINGS 

No geophysical   investigations were conducted 
for  this   IRP  project. 
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BERGSTROM AIRFORCE BASE 
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HEALTH AND SAFETY PLAN 

Prepared by:  Radian Corporation 
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1.0       INTRODUCTION 

This plan describes the safety and health procedures and practices 
for the accomplishment of IRP Field Evaluation to be conducted at Bergstrom 
AFB, Texas. All Radian employees and subcontractors to Radian will follow 
this plan unless situations encountered in the field make changes necessary. 
These changes must be approved by the Project Director. 

Major site activities will consist of pipeline testing, soil coring 
and monitor well installation and ground water sampling. 

The prime responsibility for employee safety will rest with: (1) 
Radian for it's own employees, (2) Radian subcontractors for their employees 
and (3) with other parties whose employees will work under Radian1s technical 
direction. 

Radian, it's subcontractors, and other parties participating in 
on-site work, will comply with all applicable requirements of the Occpational 
Safety and Health Administration. The waste material that will pose a risk to 
employees is fuel, or more specifically, JP-4 type fuel. 

2.0       FIELD ACTIVITIES 

The field work will consist of: 

o    Pipeline test ing 

o    Soil coring in the vicinity of building 4544 (Bergstrom Flight 
Tower) 

o   Monitoring well installation 

o   Well sampling 

2. 1      Key Personnel 

The Radian personnel who will be responsible for the safe operation 
of this project are: 

o Program Manager:    Tom Grimshaw 

o Project Director:  Wayne Pearce and,Rick Belan 

o Supervising Geologists:  Rick Belan and Peter Waterreus 

o Drilling Supervisor:  Robert L. Sherrill and Pat Goodson 

The responsibilities of the Project Director with respect to safety 
are as follows: 
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o   Locate support facilities in an uncontaminated area. 

o Initiate contact with the Base Safety Officer and test the 
emergency phone numbers to ensure their accuracy. 

o Implement the site safety training program as described in this 
plan. 

o Observe site activities to ensure the proper use of personal 
protective equipment. 

o Initiate outside emergency phone calls when an injury or 
accident requires medical attention. 

o Ensure that work schedules , dependent on work levels and 
outside temperatures, are set each day and adhered to 
though-out the work day. 

o Ensure that the field team observes the work zone and 
decontamination procedures. 

o   Ensure that safety equipment is maintained in a safe manner. 

o Report violation and compliance problems to the Corporate 
Safety Office in Austin (512-454-4797 ext. 5763, Andrew Ellis). 

The responsibilities of the Drilling Supervisor with respect to 
safety are as follows: 

o   Drilling crew compliance with the health and safety plan. 

o Enforcement of corrective action under the direction of the 
Radian Project Director. Compliance problems will be brought 
to the attention of the Drilling Supervisor who will be expect- 
ed to correct the safety problem through a series of repri- 
mands, eventually resulting in the dismissal of the offending 
employee. 

follows 
The responsibilities of the Radian Corporate Safety Staff are as 

o Prepare a health and safety plan for the project. 

o Perform a job safety analysis. 

o Select appropriate personal protection equipment. 

o Define appropriate workplace exposure monitoring procedures. 

o Develop of a contamination control program. 
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' o   Develop a plan to cope with anticipated emergencies. 

The responsibilities of the field team members are: 

o   Read and understand this plan. 

o   Perform your work safely. 

o   Report any unsafe condition to your supervisor. 

o   Be aware and alert for signs and symptoms of exposure to site 
contaminants. 

3.0 JOB SAFETY ANALYSIS 

The field work will involve some risk to the employee. The major 
site hazards are: 

o   exposure to petroleum products by way to the skin and 
respiratory system 

o   exposure to physical hazards associated with drilling 
activities 

The personal protective equipment specified below has been selected 
to reduce the risk of exposure to site hazards. 

3.1 Pipeling Testing 

Pipeling testing activity will be conducted using up to the personal 
protective equipment, as determined by the supervising Geologist, listed 
be 1 ow: 

o   tyvek coveralls 

o   Gauntlet style, chemical resistant, neoprene gloves 

o   Chemical resistant, steel toed, stell shank, safety boots, 
(PVC or Neoprene) 

o   Respirator,  half-face  or  full-face  piece,  air  purifying, 
equipped with organic vapor cartridges and dust filters; 

o   Safety helmet 

3.2 Soil Coring 

Soil coring activity will be conducted using the personal protective 
equpiment listed below: 
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o tyvek coveralls 

o Gauntlet  style,   chemical  resistant,   neoprene  gloves 

o Chemical  resistant,   steel  toed,   stell   shank,   safety  boots, 
(PVC  or Neoprene) 

o Respirator,     half-face     or     full-face     piece,     air     purifying, 
equipped with organic vapor  cartridges  and  dust  filters; 

o   Safety helmet 

3.3 Monitor Well Installation 

The personal protective equipment listed below will be used during 
the installation of monitoring wells. 

o   tyvek coveralls 

o   Gauntlet style, chemical resistant, neoprene gloves 

o   Chemical resistant, steel toed, stell shank, safety boots, 
(PVC or Neoprene) 

o   Respirator,  half-face  or  ful 1-face  piece,  air  purifying, 
equipped with organic vapor cartridges and dust filters; 

o   Safety helmet 

o   Hearing protection 

3.4 Well Sampling 

The field team will use the equipment listed below when collecting 
well samples: 

o   tyvek coveralls; 

o   Gauntlet style, chemical resistant, neoprene gloves; 

o   Chemical resistant, steel toed, stell shank, safety boots, 
(PVC or Neoprene); 

o   Respirator,  half-face  or  ful1-face  piece,  air  purifying, 
equipped with organic vapor cartridges and dust filters; 

o   Safety helmet; and 

o   Hearing protectors (rotary drilling rig). 
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Depending on site conditions and drilling conditions, other items 
may be used for supplemental protection.  Such items may include: 

o PVC bib overalIs and jacket (especially for drillers handling 
auger flights that have contacted waste material; 

o Respirator, half-face piece, air purifying equipped with 
organic vapor cartridges and dust filters (used only when where 
there is no eye irritating chemicals, splashes, or projectiles 
in the work environment) YOU MUST USE EYE PROTECTION WITH HALF 
FACE RESPIRATORS; 

o Chemical splash goggles when splash hazards exist (steam 
cleaning especially); and 

o PVC disposable gloves to be worn outside of the neoprene gloves 
for extra protection. 

3.5      Other Potential Hazards 

The site may contain other hazards that are not described above. 
The Supervising Geologist will make an assessment of the site hazards prior to 
starting work and ensure that the field team is protected. Two hazards which 
may be encountered are: 

o   heat stress 

o drilling into underground hazards (buried drums, cylinders, 
electrical cables, etc. ) 

Heat Stress 

During work, the Supervising Geologist must be alert for the signs 
and symptoms of heat stress. A hazard exists when employees are required to 
work in warm temperatures while wearing impervious protective clothing. When 
ambient air temperatures at the site exceed 65 degrees F, heat stress may 
become a problem. If these conditions are encountered, the following 
precautions will be taken: 

o The Supervising Geologist will regularly monitor the ambient 
air temperature; 

o Field team members will be observed for the following signs and 
symptoms of heat stress: 

Dizziness 
Profuse sweating 
Skin color change 
Increased heart rate 
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Abnormal body temperature as measured by fever detectors 
(forehead straps) 

-   vision problems 

Any employee who exhibits any of these symptoms will be immediately 
removed from f ield work and requested to consume 2-4 pints of electrolyte 
fluid or cool water every hour while resting in a shaded area. The worker 
should not return to work until symptoms are no longer recognizable. If the 
symptoms worsen, seek immediate medical attention. 

Drilling Into Buried Hazards 

During the planning/mobilization phase, the Supervising Geologist 
should consult with base personnel about the location of utility lines. Prior 
to penetrating the soil, ask knowledgeble site employees about the possibility 
of buried drums or gas cylinders. If drilling cuttings indicate any signs of 
drums or cylinders, cease dril ling immediately and close the bore-hole. 

4.0      TRAINING INFORMATION ON HEALTH AND SAFETY PROCEDURES 

Drilling operations will expose the field team to a noise hazard and 
based on previous experience with similar operations, hearing protection will 
be required for the field team while operat ing rotary dril ling equipment. Some 
tips to pay attention to when working around drilling rigs are given below: 

o Always wear the proper personal protection as required by the 
safety plan. 

o Always wear eye protection while working on site. Driving pins 
in drive chains, handling chemicals, breaking concrete, 
hammering or sledging, cutting wires, grinding, and or welding 
are all examples of work that is hazardous to your eyes. 

o Don't set or drop a heavy object on your foot. 

o Use the correct stance when lifting a heavy object. 

o Watch out for slippery surfaces or objects to trip on. 

o Always wear splash goggles when handling chemicals. 

o Keep your clothing out of spinning rig equipment. 

o Always get treatment for even the most minor scratch or 
abrasion. 

o Watch out for swinging equipment. Most drilling equipment will 
break a rib if it hits you. 
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4.1 Health and Safety Training 

Prior to starting the work, the Project Director will conduct a 
training session and ensure that each field team member understands his or her 
safety responsibilities. 

All personnel assigned to drilling activities and water sampling 
efforts will be instructed regarding the potential health and safety hazards. 
Specifical ly, the following topics will be covered in the initial training 
session. 

o   Potential  routes  of  contact with  toxic  and  or corrosive 
materials, excessive noise, or physical site hazards, 

skin contact/absorbtion 
eye contact 
inhalation 
ingestion 

- hearing exposure 

o Types, proper use, limitations and maintenance of applicable 
protective clothing and equipment. 
- safety helmet 

eye protection 
gloves 
safety boots 
tyvek coveralls 
respirators 

o Respiratory protection using ful 1-facepiece or half-facepiece 
air purifying respirator equipped with organic vapor cartridges 
and dust filters 

forms of respirators:  air purifying, air supplied, and 
self contained 
selection of respiratory protection based on the hazard 
NIOSH certification of all equipment to be used on site 
medical/physical fitness to wear respiratory protection 
use, limitations and maintenance of full and half-face 
respirators  including qualitative fit testing,  routine 
inspection, replacement of parts, cleaning, disinfection, 
decontamination, and storage requinnents. 

o Proper decontamination procedures and adherence to work zone 
boundaries. 

o   Reporting of accidents and availability of medical assistance. 

4.2 Potential Routes of Exposure 

Field team members can be exposed to a number of hazards on the 
site. Based on preliminary information, the following hazards and routes of 
exposure are known to be present. 

o   fuels: respiratory hazard, ingestion hazard; 
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o   excessive noise: auditory hazard; and 

o   drilling rigs:  physical, eye, head, hand hazards. 

4,3      Personal Protective Clothing and Equipment 

Workers on site will use protective clothing and equipment to reduce 
or eliminate the risk of exposure to the hazards mentioned above. Workers 
will be trained in the proper use of such clothing and equipment before 
starting work. 

Clothing 

Protective coveralls will reduce the chances of contacting the waste 
material. The Tyvek coverall will provide protection against splashes, and 
dusts. The coveralIs are not to be considered "impervious" and should be 
quickly removed upon obvious contamination. 

Gloves 

Gloves provided for this project will protect the hands from 
contacting the waste material. The Gauntlet style neoprene glove is used for 
handling grossly contaminated equipment and soil samples. The PVC disposable 
glove is used for routine site work, and should be considered "light duty" 
gloves. The PVC gloves will not provide a high level of protection against 
contaminated ground or surface samples, and may only be used when the chance 
of contact with these materials is unlikely. They should be removed and 
disposed of immedialtely upon contamination. 

Eve Protection 

Several levels of eye protection are available for this project. 
The full-facepiece respirator will provide eye protection against splashes and 
eye irritating gases and mists. Splash goggles wil 1 be used when steam 
cleaning equipment. Every team member will use proper safety glasses while on 
site. 

Respiratory Protection 

The respirators selected for this project will provide protection 
against anticipated levels of airborne gases, fumes, mists, and dusts. To 
ensure that the mask will perform as expected, the respirator must be in- 
spected, fit tested, maintained, and stored properly, according to company 
policy and governmental regulations. 

It   Inspection procedures: 

The face-piece (full or half) should be free of dust, dirt, 
rips, tears, and obvious contamination.  The septa  (three in 
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the half-facepiece, one in the full-facepiece) should be 
present and in good shape, watch for rips or dirt. 

2. Fit Testing Procedures: 

The fir8t step in testing the fit of your respirator is called 
the negative pressure test. Block the inhalation valves (on 
the side of the mask) with the hands or plastic sheets and 
inhale slightly. You should feel the mask draw in on the face. 
Watch for air leakage around the face-piece indicating a poor 
facial fit. REMEMBER, NO FACIAL HAIR THAT INTERFERES WITH THE 
FIT OF THE MASK IS PERMITTED. 

The next test (positive pressure test) is done by blocking the 
exhalation valve (at the bottom of the mask) with the palm of 
your hand. Exhale gently and notice for air leaking around the 
face-piece of the mask, indicating a poor fit. If air is 
leaking out of the mask, re-tighten the straps and perform the 
negative and positive pressure tests again. 

The last test (qualitative testing) involves the use of an 
indicating odor that is passed around the mask fitted with 
ORGANIC VAPOR CARTRIDGES. The employee will be asked to 
position his or her head to the side, up and down to simulate 
normal working conditions. The detection of the odor indicates 
that the facial seal of the mask is inadequate. If the 
employee detects the smel1, the trainer is allowed to tighten 
the straps and adjust the mask on the employee one time. If 
the odor test is unsuccessful! twice, another brand of mask 
should be fitted. 

3. Maintenance of Respirators: 

Respirators wil1 be maintained to ensure that they work 
properly. Replace any missing part of the mask or strap, clean 
the mask with hot soapy water after each use, and do not let 
others wear your mask without disinfection first. 

4. Storage of Respirators: 

Respirators must be stored in a clean, safe, dry, environment 
(e.g. not near the working area or on the drilling rigs). 

5. Use and limitations of Respirators: 

Respirators selected for this project should be used properly 
and within the limits for which they were designed. These 
air-purifying respirators will be useful in concentrations well 
below the 1000 ppm filtration limit of the cartridges. Air 
monitoring will confirm that airborne contamintion does not 
exceed the use limitations of the respirator.  These masks do 
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not provide oxygen and should not be used in confined spaces or 
oxygen deficient atmospheres. 

Decontamination and Work Zone Procedures 

! „ 

Items that become contaminated must be cleaned up to prevent 
employee exposure and the spread of harmful materials. The field team will 
also be expected to establish work zones and comply with safety procedures and 
dress codes for each particular zone. Section 6 gives a description of the 
decontamintion procedures that will be used for this project. The following 
information will be given to the field team. 

o   Work zone definition and marking; 

o   Dress codes for each work zone; 

c   Decontamination procedures for personnel, equipment, and heavy 
equipment. 

Exclusion Zone 

The exclusion zone is the area immediately surrounding the work area 
where the waste is being disturbed. For Monitor Well installation (hollow- 
stem and air rotary) the exclusion zone will comprise a circle extending 25 
feet around the drilling rig. Proper personal protection consists of hand, 
foot, eye, respiratory, body, and head protection as listed in Section 3.2« 

Contamination Reduction Zone (CRZ) 

The contamination reduction zone is the area where decontamination 
will occur. The idea is to have personnel remove contaminants from themselve 
and their equipment inside the CRZ. This practice wil 1 avoid the spread of 
contamination into the support area. 

Support Zone 

The support zone is intended as an area that remains free of 
contamination and is used for staging activities, breaks, and eat ing. It is 
extremely important to keep this area clean and free of contamination. Never 
bring contaminated equipment, articles or yourself into this area without 
going through the decontamintion procedures first. 

Decontamination Procedures 

including: 
Personnel and equipment can become contaminated in a number of ways 

Contacting vapors, gases, mists, or particulates in the air. 
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0   Being  splashed  by  materials  while  sampling  or  opening 
containers. 

o   Walking through puddles of liquids or on contaminated soil. 

o   Using contaminated instruments of equipment. 

Protective clothing and respirators help prevent the wearer from 
becoming contaminated or inhaling contaminants. Good work practices help 
reduce contamination of protective clothing, instruments, and equipment. 

The employee needs to be aware of donning and doffing procedures for 
protective clothing and equipment.  These procedures are easy to follow: 
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on; and 

o   Gloves come off your hands last, when undressing. 

These procedures will be supplemented by performing decontamination 
on personnel, equipment and heavy equipment. Decontamination procedures 
consist of physically removing contaminants from the person or equipment with: 

o Steam cleaning equipment; 

o Diesel fuel and brushes; 

o Acetone rinsing; and 

o Detergent washing. 

The drilling rig wil 1 be steam cleaned following contact with 
waste/soil material. The rig will then be spray washed and detergent washed 
prior to leaving the CRZ. Diesel fuel brushing is only required in the event 
that the auger flights become covered with waste that the steam cleaning will 
not remove. 

Respirators should be washed with detergent/disinfection solution to 
remove any contamination. Respirators must be washed at the end of each day 
or more often if they become grossly contaminated. 

Emergency Procedures 

Emergency procedures are presented in this manual to address the 
possible site emergencies given below: 

o   Medical injuries; 

o   Fire and explosions; 
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o   Excessive emissions from drilling activity; 

v Medical Injuries 

Medical problems that can occur on site need to be handled com- 
petently and quickly. Each field team member should be aware of the 
instructions and information given below: 

o Write down and post the telephone numbers of the local 
Base and community ambulances and medical facilites. 

o Seek professional medical attention for personnel that are 
not breathing, bleeding severly, experiencing intense pain 
or are unconcious. Each member of the site team should 
know how to call for an ambulance (on Base and off Base). 

o If you get anything in your eyes (chemicals or dust), 
flood them with water for 15 minutes. Be sure to tell a 
supervisor. The Supervisor will make sure that the 
victim washes the eyes for the full 15 minutes. 

o   Do not remove objects that are impaled (stuck) in the eye. 

o   Always seek medical attention for eye injuries. 

o Stop bleeding with direct pressure. Place a bandage over 
the wound and press down with your hand. Use a tourniquet 
only in extreme cases when you are not able to stop severe 
bleeding. 

o If you contact the waste, wash the affected area with soap 
and water as soon as possible. If large amounts of waste 
come in contact with the body, you will be required to 
take a full body shower with soap immediately. 

Fire and Explosion Response Procedures 

Fires on site can be caused by the drilling rig activity and welding 
activity. The drilling rig will have a fire extinguisher on hand at all 
times. The procedure for using a fire extinguisher is to pull the safety pin, 
point the extinguisher at the base of the flames and discharge the extin- 
guisher by sweeping the flames from a distance of six feet. Move in closer as 
the flames are being put out. 

o Never use water on an electrical fire or a solvent fire. All 
extinguishers should be dry chemical and labeled "Class A, B, 
C". 

o   Never weld in dry grass and always keep an extinguisher nearby 
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o   Keep decontamination solvents well away from the steam cleaner. 

Excessive Emissions Procedures 

If the detector tube readings indicate that the drilling activity is 
producing excessive emmisions (any emission approaching the TLV), the 
following action needs to be taken: 

o   Cease drilling and contain cuttings. 

o If emissions are not controlled, remove auger flights and close 
the borehole. Continuous air monitoring will be conducted 
during this type of emergency. 

o   Be prepared to evacuate to an upwind site. 

5.0      DECONTAMINATION PROCEDURES 

To minimize the transfer of hazardous substances from the site, 
contamination control procedures are needed. Contaminatnts must be removed 
from people and equipment prior to relocation from a work zone. 

5.1 Work Zones 

The field team will prevent waste material from moving from the 
drilling site. The team will prevent migration of site contaminants by using 
work zones to control the spread of contamination. Decontamination procedures 
will also help reduce the chances of spreading contaminants. 

Exclusion Zone 

A 25 foot circle around the drilling site will be defined before 
drilling starts. The circle will constitute the "Exclusion Zone". This zone 
may contain potentially hazardous airborne and physical hazards to the 
workers.  Full personal protection will be required in this area. 

Contamination Reduction Zone 

A corridor leading from the exclusion zone will be defined. This 
corridor should lead from the drilling rig to the break area. All de- 
contamination activities will occur in this area. A waste container should be 
placed at the end of the corridor so contaminated disposable equipment can be 
dropped off. 

Support Zone 

A support zone must be defined for each well installation location. 
The zone should be at least 50 feet from the drilling rig and should be clean 
and free of contamination (surface and airborne).  Air monitoring and visual 

M-15 

\ 



T1 

inspection of the support zone location will confirm that the area is rela- 
tively clean. 

5.2      Personal Hygiene Requirements 

Some general rules to obey when in the support zone are as follows: 

o   You must wash your hands and forearms with soap and water 
before eat ing, drinking, smoking, anything. 

o   You must wash your hands before using the toilet. 

Remove personal protective equipment in the order given below while 
in the decontamination corridor. 

o    first, remo-  any outer gloves or boot covers and drop them in 
the container provided 

o    remove the tyvek coveralL,  save this coveral1 unless it is 
contaminated 

o    remove your respirator 

o    last, remove your inside gloves 

Reverse the order of the doffing procedure when you are ready to 
re-enter the exclusion zone. 
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